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Full Strength INTERNAL or external wrenching Hex Nuts 

FOR 

UNIVERSAL 
APPLICATION 


the new 

KAYLOCK 

all-metal self-locking 

HEX NUTS 



ANOTHER KAYLOCK FIRST - The new Keylock 
Hex Not provides INTERNAL as well as external 
hexagonal wrenching surfaces. 

Take advantage of the internal wrenching 
S' feature and thereby reduce wrench clearances, 

/ spotface diameters, flange widths and overall 

deAUt^ structural weight. 

0 vJSte 1 * *® n,i *® »ttength • Infinite reusability 

r”*™ • Shear nut height e Constant locking torque 

lightest of all solf-locking nuts. 


KAYNAR COMPANY 



P lotless, poised to rocket into the arena of the skies 
-America’s guided missiles stand ready to seek out 
and blow any marauder to “kingdom come.” 

A pioneer in this nation’s missile program, Goodyear 
Aircraft Corporation has made many substantial con- 
tributions to these vital defense weapons. 

It has developed a guidance system which gives these 
robots a pathfinding instinct of uncanny accuracy. 

It builds booster cases which give “thrust" for the 
blast-off. 

It fabricates Bondolite, the bonded structural sandwich 


material which can give strength without weight-penalty 
to their airframes. 

It produces GEDA, the Goodyear Electronic Differential 
Analyzer— an analog computer of advanced design 
which makes it possible to pre-test the performance of 
these missiles without launching them, to predict their 
behavior and path. 

In missiles, metal-working, plastics, electronics and 
many other fields— Goodyear Aircraft Corporation has 
demonstrated itself to be a reliable member of America’s 
air team, a vital partner to this nation’s aeronautic 
industry. 


They're doing A/g things at 

good/year aircraft 

Plants in Akron, Ohio and Litchfield Park, Arizona b«mi«. cm. -t.m.-. *ire,»ticon*>r.uon. At,™ is, o»» 
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Excellence in Electronics 



This latest development typifies creative engineering at Raytheon- 
constant exploration and experimentation to achieve components 
and products of utmost efficiency and reliability. 


RAYTHEON 
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From the whistle of wing struts in the wind 
to the roar and whoosh of swirling exhaust 
gasses against a launching pad, Ex-Cell-0 has 
played an important role in aircraft develop- 
ment-working and growing with the aircraft 
industry as a pioneer in the production of 
precision parts and assemblies. 

From the Ex-Cell-0 components logging 
hour after hour in reciprocating aircraft 
engines to our precision-made jet rotors and 
blades, actuators, fuel nozzles, valves 
and controls, Ex-Cell-0 aircraft parts have 


paid big dividends in superior performance. 
If you have a problem in precision control or 
complex flight components which our experi- 
ence can solve . . . contact Ex-Cell-0 today. 



EX-CELLO 

CO FI POFiAT/ON 
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AND MISSILES FLY 


IER, FASTER 


SAFER WITH PARTS AND ASSEMBLIES BY EX-CELL-0 



In a significant break-through towards the frontiers of space 
travel Voi-Slian has successfully forged arid processed the 
world's first pure beryllium bolts. This wonder metal has 
tremendous elevated temperature properties and the highest 
strength-to-weight ratio ever obtained in a structural mate- 
rial. Working in conjunction with one of this country's prime 
aircraft contractors Voi-Shan's Research and Development 
Group is continuing its evaluation of the first pure beryllium 
bolts. Complete physical test data will be available soon. 


Fastbolts and Fastnuts are 
available in o wide range of 
materials including alloy 
steels, several titanium alloys, 
staiidess steels, super alloys, 
chrome die steels and alum- 
inum alloys. 


: Average installation time: 


.title 

address. 


company. 


send me literature on: □ The Fastbolt System 

□ Raw Material Properties of Pure Beryllium 

□ Physical Properties of Beryllium Bolts 


your standard for 
the future... 

The Fastbolt System 

the industry’s 
new unitized 
fastening concept 




pure 

beryllium 

bolt 


another 
first for 
Voi-Shan 





Avco Manufacturing Corporation 
420 Lexington Avenue 
New York, N. Y. 
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Big magnesium and aluminum extrusions produced from Dow's 13,200 ton press 


A whole new range of king-size dimensions is now available 
for design engineers. Dow's new 13,200 ton extrusion press 
at Madison, Illinois, is producing "special” sizes for quick 
delivery. These projects include work for aircraft and 
missiles, automotive, building, and highway construction. 
Here’s what the big press can do in the way of magnesium 
and aluminum extrusions to meet your special requirements. 


Check this list: 

1. LARGER EXTRUSIONS. Sizes up to a circumscribing 

2. LONGER EXTRUSIONS. Up to 80 feet in length 

3. THINNER SECTIONS. Down to O.l 2S" 

4. STEPPED EXTRUSIONS. Solid or hollow 

5. COMBINED HOLLOW EXTRUSION-FORGINGS 
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YOU CAN DEPEND ON 


EDITORIAL 


A Sound Security Pattern 


We have never been reluctant to plunge our editorial 
lance into the hides of government bureaucrats— military 
and civilian— who have used the cloak of phony military 
security to further their personal ambitions or to con- 
ceal what they are doing with taxpayers’ money. Over 
the years we have learned to sniff this sort of adminis- 
trative chicanery at long range. We are proud of the 
part this publication has played in exposing some of 
these activities that were unable to survive long in the 
pitiless glare of publicity. 

We have also been firmly on the record for a more 
realistic approach by the military to their security prob- 
lems with adequate consideration for the requirements 
of legitimate technical security and the American pub- 
lic's need to know how its tax dollars are being spent 
and the adequacy of the national defense they are buy- 
ing. Therefore we feel it appropriate to discuss in some 
detail the pattern of security and working press relations 
now operating at the Air Force Missile Test Center at 
Cape Canaveral, Fla. This pattern has been vigorously 
attacked by some doughty battlers for freedom of the 
press who have seen eye to eye with us on most of the 
censorship and phony security issues that have emanated 
from the Pentagon and White House in recent years. 
But in the case of Cape Canaveral we must take issue 
with them. 

Healthy Public Curiosity 

We believe that the pattern developed there by Maj. 
Gen. Donald N. Yates, Test Center Commander, and 
his public relations staff headed by Lt. Col. Sid Spear 
is a sound, realistic approach to the problem that could 
well be utilized everywhere there is a combination of 
legitimate military security problems and a healthy pub- 
lic curiosity about what is happening to tax dollars and 
national prestige. 

Tire security problems presented by the geography 
and environment of Cape Canaveral were detailed by 
Aviation Week's Space Technology Editor Evert Clark 
in a report from the Cape in our Oct. 7 issue on page 26. 
Nobody will question the fact that the Missile Test 
Center operations involve some legitimate military se- 
crets. But it is unrealistic to assume that nobody would 
know when 165,000 lb. rocket engines were being fired 
in test operations that produced fiery trails and some- 
times spectacular explosions for half the population of 
Florida to see. 

Air Force’s original policy of burying its head in the 
Florida sand and pretending nobody would notice these 
spectacular controlled and uncontrolled explosions was 
an abject failure. The missile watchers established 
camps on the public beaches, observed firings through 


binoculars and photographed missile flights with tele- 
photo lenses and poured out a flood of accurate pictures 
and inaccurate stories on the activities at the Cape. 
This policy concealed nothing essential and because of 
technically naive and incomplete reporting began to con- 
vince the American public its missile development pro- 
gram was a costly failure. Further police methods such 
as bulldozing sand barriers to screen cameras, erection 
of barbed wire barriers and bullying the working press 
by Pan American Airways security guards failed to im- 
prove the situation. 


Press Briefings Valuable 

Sometime during the early Vanguard failures a more 
realistic and sensible policy switch was made. Gen. 
Yates offered to lay it on the line with the Cape press 
contingent, explaining the legitimate security problems 
involved and providing all of the useful and technically 
accurate data possible. A grandstand on the Cape was 
provided for the press to witness satellite firings and 
was equipped with outside telephones and loudspeakers 
that relayed countdown information. 

We listened to Gen. Yates handle a series of press 
briefings recently for a large contingent of visiting press 
representatives from Washington, most of whom had 
only a vague idea of the problems and purpose of the 
development test phase of the missile business. In 
addition to giving them a factual and accurate account 
of how the Missile Test Center runs its business Gen. 
Yates succeeded in dispelling, for all time we hope, 
the misconception that operational missiles require all 
of the complex equipment and procedures required for 
development testing. We have watched the stories 
appearing in the daily press since this briefing and notice 
a much higher degree of technical accuracy and under- 
standing of the missile test program than was evident 
in the catch-as-catch-can type of earlier reporting. 

Hopeful Precedent 

In our opinion the pattern of USAF-working press 
relations now operating at Cape Canaveral has set a 
hopeful precedent in the handling of this type of prob- 
lem. It should be carefully considered by the Pentagon 
for use in similar situations where unrealistic security 
policies and legitimate public interests are still clashing 
and preventing the American public from getting an 
accurate and technically sophisticated view of their 
national defense progress. 

—Robert Hotz 
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Sola-Flex'joints provide safe, easy 
handling of liquid missile fuels 


liquid oxygen, used in Convair’s Allas 
ICBM, requires the very best handling 
know-how— and equipment. These rugged 
Sola-Flex expansion joints are in use on 
Convair’s fuel test facility at San Diego, 
California. Made from 321 stainless, the 
6 in. double-end anchor-base unit handles 
over 5 in. of axial movement in a LOX 
test line. 

Solar manufactures the most compre- 
hensive line of bellows and expansion joints 
in the world. They are made from a wide 


to 35 ft in diameter. They are built for 
service from -320F to 1200E And they 
tame "hard-to-handle" pressures up to 
3500 psi for special applications. 

A new pamphlet describes Solar’s com- 
plete line of expansion joints. Write for it 
to Dept. D-170, Solar Aircraft Company, 
San Diego 12, California. 
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functional testing assures precision performance 



Precision-buill synchros require small, uni- 
form air gaps and consistently low torque to 
provide accurate response to a generated 

Barden Precision low torque bearings assure 
the required air gap by close control of radial 
play and concentricity. The SR3SSX8 has an 
extra large O.D. which eliminates the need 
for end caps, increasing air gap accuracy and 
reducing synchro complexity and cost. 

From research and design, through quality 
controlled production, functional testing and 
application engineering each Barden Precision 
bearing is planned for performance. Barden 
Precision means not only dimensional ac- 


curacy but performance to match the de- 
mands of the application. 

Barden Precision bearings must pass rigid 
functional tests on the SmoothRator, the 
Torkintegrator and other Barden-developed 
or standard test devices. This functional test- 
ing is your assurance of consistent precision 
performance. 

Your product needs Barden Precision if it 
has critical requirements for accuracy, torque, 
vibration, temperature or high speed. For less 
difficult applications, Barden predictable per- 
formance can cut your rejection rates and 


THE BARDEN CORPORA TION 

47 East Franklin Street, Danbury, Connecticut 
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t: INSTRUMENTS • 


ACCESSORIES • COMPUTERS AMD RECORDERS • 
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Washington Roundup 


USAF, Army Get Moon Roles 

White House and Defense Department last week 
ordered work begun on the nation’s first real space proj- 
ects under the direction of Advanced Research Projects 
Agency. 

They include three Air Force moon probes, one and 
possibly two Army moon probes and two or three more 
Army earth satellites. 

The President also will send his plan for a civilian space 
program to Capitol Hill this week— apparently recom- 
mending National Advisory Committee for Aeronautics 
as the nucleus of a new agenev. 

The President ordered ARPA to coordinate its space 
projects with NACA, National Academy of Sciences and 
National Science Foundation and indicated that the new 
civilian agency will review the moon and satellite projects 
to see whether they should remain under Defense or go 
under the new agency’s direction. 

ARPA already has $8 million to begin work on the 
space projects. 

Significant pattern was established when ARPA sent 
its directives straight to the three service agencies in- 
volved rather than through service secretaries. A De- 
fense spokesman said the secretaries were aware that 
ARPA's charter provides for this direct line of transmis- 
sion to USAF. Army and Navy installations. Ramifica- 
tions of this type of operation will be widespread and 
are almost certain to bring private, if not public, objec- 
tion from the services. 

USAF’s lunar probes will use a Douglas Thor as the 
first stage. Aerojet-General's second-stage Vanguard en- 
gine as its second stage and a third stage yet to be devel- 
oped (AW Jan. 20, p. 26). Vanguard guidance also may 

Army Ballistic Missile Agency will use modified Jupi- 
ter-C rockets for its lunar probes and satellite launches. 

Naval Ordnance Test Station at Inyokem, Calif., was 
ordered to develop a mechanical ground scanning svstem 
for use in lunar probes, possibly later models than those 
approved last week. F’irst indications were that this will 
be developed in NOTS laboratories and not by indus- 
trial contractors. 

No timetable was given for these space programs. 
ARPA Director Roy Johnson said "we would prefer to 
announce these programs when we are sure of success' 
rather than now, but that public interest was too high. 

Probes apparently will be circumlunar. There was no 
indication in the initial announcement that attempts 
would be made to impact on the moon with these first 
rockets. 

Goal of the programs is to "determine our capability 
of exploring space in the vicinity of the moon, to obtain 
useful data concerning the moon and provide a close 
look at the moon.” 

USAF's work will be directed’ by Ballistic Missile Divi- 
sion of Air Research and Development Command. BMD 
has had personnel in the Douglas Thor plant for more 
than two months to study the probable use of Thors as 
space explorers. USAF' once had a target date of this 
April for its first moon shot, but had no authorization 
to go ahead. 

Lt. Gen. Donald L. Putt, USAF' deputy chief of staff 
for development, said recently that Air Force could make 
its first moon rocket launch' this year if it gets the go 
ahead within a few weeks (AW Mar. 3. p. 330). 

Defense refused to define “vicinity of the moon” spe- 




cifically but said useful data could be obtained from as far 
awav as 10,000 mi. 

ARPA Chief Scientist Dr. Herbert F. York said many 
test launchings probably will be required before a probe 
is successfully placed near the moon. 

Space program "contemplates a look” at the far side 
of the moon. Defense said, but there is no specific time- 
table for such an experiment. 

Military Assistance 

Approximately 83% of the money spent on military 
assistance programs this year will go to U. S. manufac- 
turers for the purchase of material. Mansfield D. Sprague, 
assistant Secretary of Defense, told the Senate Foreign 
Relations Committee. 

Sprague says there also is hope that an increasing 
proportion of military assistance can be shifted to mili- 
tary equipment sales. Fie told the committee that, in 
1956. equipment sales under the military assistance pro- 
gram amounted to S79 million; in 1957, the sales were 
increased to S3 12 million. 

Congress and Space 

Activities in both the House and Senate Special Select 
Committees on Astronautics and Space Exploration were 
accelerated last week after a period of relative inactivity. 

Allen W. Dulles, Central Intelligence Agency director, 
appeared before the Flousc committee to brief the group 
in a closed-door session. 

Sen. Lyndon B. Johnson, chairman of the Senate 
Special Committee on Space and Astronautics, notified 
the President that the committee is opening its doors for 
business and would welcome White House views. He 
said the committee is looking forward to the whole- 
hearted cooperation of the Executive agencies in "what 
we anticipate will be a joint enterprise. 

Johnson said the subject under the committee's juris- 
diction is too complex to wrap into a single package 
and added: "It reaches into practically every aspect of 
human endeavor.” he said, "and it is going to require an 
extraordinary effort to bring together information that is 
scattered in bits and pieces throughout the government 
and industry.” 

Appointments made to the Senate committee last 
week include: Dr. Glen P. Wilson, coordinator of tech- 
nical information: Mrs. Eilcnc M. Galloway, special 
consultant: Edwin L. Weisel and Cyrus R. Vance, con- 
sulting counsels, and Dr. Homer Joe Stewart, scientific 
consultant. 

CAB Disavowal 

Civil Aeronautics Board members have disassociated 
themselves from the recent letter written to editors and 
commentators bv the Board's chief information officer. 
William Klocpfcr, Jr., criticising the press for its han- 
dling of the General Passenger Fare Investigation (AW 
March 24. p. 171. The Board said in a joint statement 
that the action taken by Klocpfcr was made without its 
knowledge and consent. 1 he members admitted that it 
seemed to them that the press had given the investigation 
"inaccurate and incomplete" treatment of the investiga- 
tion of the Board’s attitude toward airline fares but em- 
phasized their belief in the right of the press to cover the 
issues involved as it sees fit. -Washington staff 
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USAF Studies Ramjet Bomber Proposals 


Manned bomber, reconnaissance system would have 
design speed of Mach 4 plus; follow B-70 program. 


Washington— Air Force is studying 
design proposals for a new ramjet pow- 
ered, manned bomber aimed at speeds 
above Mach 4. The ramjet bomber 
would fit in the USAF development 
scale between the North American B-70 
chemically fueled bomber program al- 
ready under development for the Mach 
3 speed range and the Dvna-Soar hyper- 
sonic glider program aimed at speeds 
from Mach 8 to 10. 

Air Force interest in a manned ram- 
jet-powered bomber system was recently 
expressed by Lt. Gen. Clarence S. 
Irvine, deputy chief of staff for ma- 
teriel, during a visit to the Boeing Air- 
plane Co. plant in Seattle. Gen. Irvine 
said such a bomber "would be a rela- 
tively easy step, not a long step, from 
the Boeing Bomarc missile." 

Companies interested in the ramjet 
system, which is now at the preliminary 
proposal stage, are North American 
Aviation, Boeing and Convair. North 
American gained experience with its 
Navaho, Boeing with the Bomarc, and 
Convair has its own proposal as an ad- 
junct to its B-5S Hustler bomber (AW 
Feb. 17, p. 23). 

Mach & Delivery 

In a manned strategic bomb delivery 
and reconnaissance system, USAF would 
like a craft capable of speeds of better 
than Mach 4, normal operating altitude 
close to 100,000 ft., range of more 
than 10,000 nautical mi. An unmanned 
reconnaissance system would travel ap- 
proximately the same velocity and al- 
titude, but range would be "less, per- 
haps 8,000 to 9,000 nautical mi. 

Use of boron-type fuel is probable. 
Additionally, a rocket boosted launch 
technique such as that planned for the 
Navaho would be used, with mobility 


increased by use of storable rocket pro- 
pellants rather than the less flexible low 
temperature oxidizer and hydrocarbon 
combination. 

Besides its capability as a bomb de- 
livery or reconnaissance weapon, such 
a system would be invaluable in elec- 
tronic countermeasures or countcr-F.CM 
efforts. In the unmanned reconnais- 
sance version, with its higher attendant 
ratio of payload to start-cruise gross 
weight, complex guidance could be car- 
ried that might be capable of following 
intricate flight paths to conceal launch 

Acceleration Rate 

In both manned and unmanned sys- 
tems, ratio of gross weight at launch to 
start-cruise weight would be of the 
order of three. Ratio of payload to start- 
cruise weight would differ with manned 
and unmanned systems, with unmanned 
having the better ratio. In the manned 
system, accelerations would be held to 
within 3G, well within human toler- 
ance and envelope wherein man still 
can function in control loop. 

In line with the advance of ramjets, 
USAF and North American Aviation 
arc near the completion of negotiations 
on a new contract under which the 
company would fire seven XSM-64 
(G-26) Navaho vehicles fabricated prior 
to the project's cancellation and now 
mothballed at various locations. Project 
di n t RISF.-Rcscarch in Su- 
personic Environment. 

Work envisioned under a new con- 
tract would he under a new research 
and development effort aimed towards 
gathering essential data for upcoming 
ramjet systems, which have had their 
advantages brought into sharper focus 
through developments in fuels and ma- 


terials since the original specifications 
were laid down. 

The seven XSM-64 missiles covered 
in the new contract would be in addi- 
tion to six which were left over at the 
Air Force Missile Test Center, Cape 
Canaveral, Fla., when the Navaho proj- 
ect was terminated. Air Force left 
enough money for these six to be fired 
when Navaho was canceled; the other 
seven were to be mothballed. In addi- 
tion, there is a possibility that, since 
tooling exists for this missile, more may 
be fabricated for additional test work. 

Value of using the remaining moth- 
balled XSM-64 missiles in the research 
program was advanced when one of the 
six remaining at Cape Canaveral trav- 
eled a ncar-pcrfcct flight profile in its 
test flight, including acceleration, ram- 
jet ignition, booster separation and 
travel more than 1.000 ini. downrangc 
at speeds above the Mach 3 design 
vclocitv before thrust termination. 

The" XSM-64 (AW March 24, p. 44) 
differs considerably from final produc- 
tion missile in several areas in addition 
to range. Details were delineated after 
contract was canceled (AW Aug. 19, 
j). 29), including flight path, rocket 

Account Office Asks 
Contract Restriction 

Washington — General Accounting 
Office has requested Department of 
Defense to restrict the use of "time and 
materials” contracting and to require 
more accurate subcontracting costs from 
prime contractors under incentive fixed- 
fee contracts. The requests stemmed 
from investigations of an Air Force con- 
tract with McDonnell Aircraft Corp. 
and Army Redstone missile contracts 
with the Chrysler Corp. 

GAO's objections in the two cases, 
as presented in reports to the Congress, 

• Chrysler. “Unnecessary cost was in- 
curred by the government through the 
extensive use of time and materials 
subcontracts without adequate cost 
controls" under Redstone ballistic mis- 
sile contracts. 

• McDonnell. In negotiations to estab- 
lish a final price on a contract for 
F-101A airplanes, spare parts and re- 
lated items. GAO said “the prices of a 
substantial number of subcontracts had 
not been finally determined. When 
the subcontracts were re-priced, sub- 
stantial price reductions were effected, 
and, as a result, it appears that costs 
accepted in negotiations exceeded actual 
costs incurred by the contractor by ap- 
proximately $1.2 million. Moreover, al- 


High Altitude Turbojets 

Although ramjets most probably will succeed the WS-110A, extension of turbojet- 

Use of this fuel would considerably boost the altitude capability of current turbo- 
jets, but there would be design penalties in addition to the development time cycle 
required for this propulsion system. 

Conversion of two existing engines, Pratt & Whitney’s J57 and the General Elec- 
tric J79, might be accomplished in a three-to-five vear interval and would raise ceil- 
ings considerably. The J57, v tl i ppro tc ceiling of 55,000 ft., could be 
extended to more than 75,000 ft., while the J79, just coming into operational use, 
could be boosted to perhaps almost 100,000 ft. 

Complete from-scratch design of a hydrogen or hydrogen vapor turbojet engine 
would take an additional time cycle, would yield altitudes of 115,000 ft. or higher, 
speeds of more than Mach 4. 
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Avro CF-105 Makes First Flight 

Avro CF-105 Arrow made its first (light last week at Malton, Ont. Flown by Jan Zurakowski, company's chief experimental test pilot, the 
airplane was taken to 8,000 ft. altitude. Speeds were around 500 mph. on the flight, which lasted 35 min. First flight had been planned for 
the previous week, but hydraulic and oil line leaks caused delays. Powerplants of the prototype arc two Pratt &- Whitney J75 turbo- 
jet engines. Production models of the supersonic all-weather interceptor will have the Orendu Iroquois. 


Army Modifies Arsenal Concept; 
Pershing Contract Goes to Martin 


most one-half of these price reductions 
were known by both the prime con- 
tractor and the agency officials at the 
time of negotiations." 

General Accounting Office agreed 
that "the exigencies of the situation 
and unique nature of the items made 
the use of time and materials subcon- 
tracting necessary for initial procure- 
ment of parts required by Chrysler 
under its prime contract.” It added, 
however, that “the prime contractor 
continued to award time and materials 
subcontracts for the procurement of 
additional quantities of the same parts 
although fixed-price subcontracting 
would apparently have been practicable 
and more economical." 

Following initiation of the General 
Accounting Office investigations, these 

• USAF ordered renegotiation of the 
McDonnell contract in January, and 
Dudley C. Sharp, Assistant Secretary of 
the Air Force for Materiel, assured 
GAO that “we will continue to stress 
the need for effective administration in 
this area" of subcontracting costs in- 
cluded in prime price contract negotia- 

• Army withdrew Chryslcr's authority 
to enter into time and materials sub- 
contracts last June. "Since then, close 
surveillance and control of this type of 
contracting has been exercised by the 
contracting officer through imposition 
of a prior approval requirement." F. H. 
Higgins. Assistant Secretary of the Army 
for Logistics told the General Account- 
ing Office. 


By Evert Clark 

Washington— Army has taken a 
major step toward modification of its 
arsenal concept of developing missiles 
and space vehicles by awarding a multi- 
million dollar contract to the Martin 
Co. for research, development, testing 
and production of the 300-700 mi. 
Pershing solid propellant missile. 

This does not foreshadow complete 
abandonment of the arsenal concept in 
favor of the industry development con- 
cept practiced by Air Force, Army 
spokesmen insist. But they concede 
that the Pershing is something of a 
test case and that the degree to which 
the arsenal concept will be modified in 
the missile-space area depends largely 
upon the success of this program. 

Army says that much of what it calls 
the arsenal work for the Pershing al- 
ready has been done in the Redstone. 
Although Pershing switches from Red- 
stone’s liquid propulsion to a solid pro- 
pellant. Army has consistently de- 
scribed Pershing as a longcr-range Red- 
stone surface-to-surface missile. 

Successful relationship between the 
Army Ballistic Missile Agency and the 
Chrysler Corp. in the Redstone and 
Jupiter programs has played a large 
part in the decision to increase inter- 
dependence of Army and industry 


Another factor has been the personal 
convictions of Maj. Gen. John B. 
Mcdaris, former ABMA commander 
who takes charge today of the new 
Army Ordnance Missile Command. 

Gen. Mcdaris' views— and industry's 
contributionr-will play increasingly im- 
portant roles in Army’s missile, anti- 
missile and space programs. Elevation 
of this work to command status gives 
Mcdaris direct access to Army Secretary 
Wilber Bruckcr and Chief of Staff Gen. 
Maxwell Taylor on assigned, special- 
priority projects. 

It also gives him direct access to 
Defense Department’s Advanced Re- 
search Projects Agency and the Army 
Missile Committee, which is at the 
Secretary-Chief of Staff level of or- 

ABMA will continue to handle "any 
space projects assigned to the Army, 
boosted into orbit by Jupiter or Red- 
stone systems." It also will monitor de- 
velopment of Pershing. Jupiter, Red- 
stone and other ballistic missiles. 

Even the name “arsenal” is being 
dropped. Redstone Arsenal at Hunts- 
ville. Ala., creator of the Redstone and 
Jupiter, has been renamed the Army 
Rocket and Guided Missile Agency. 
It will be responsible for such missiles 
as Honest John. Dart, Lacrosse. Nike, 
Hawk and portions of anti-missile work 
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which may be assigned to it by ARPA. 

Although Army is not prepared to 
say now now far it will go in modify- 
ing the arsenal philosophy, it obviously 
has begun a campaign to credit indus- 
try for its contributions to Army pro- 
grams so far and to encourage an even 
broader relationship. 

"The new command will continue to 
look to American science and industry 
for their invaluable contributions m de- 
veloping Army weaponry.” Army said 
in explaining the reorganization. 

"The successful launching of the 
Jupiter C rocket carrying the first Ex- 
plorer satellite into orbit is further evi- 
dence that this team is meeting the 
challenges of the new technological 
age. 

“While Army arsenals for genera- 
tions have developed fine weapons, they 
have now re-gcared their organization 
and capabilities to the era of atomics, 
electronics and supersonic rockets and 
missiles.” 

Perhaps more significant than these 
statements is a speech made last week 
by the Army's Vice Chief of Staff, Gen. 
Lyman L. Lemnitz.cr, recognizing that 
"industry has been a vital element of 
the military capability of the United 
States” at least since 1 SI 2. and urging 
even greater Army-industry cooperation. 

Although a spokesman for Gen. 
l.cmnitzcr said the speech docs not 
reflect a change in policy, Gen. Lem- 
nitzer's words arc in direct contrast to 
Secretary Bruckcr's statement a few 
months ago that the industry develop- 
ment concept “can lead to false starts, 
frequent modifications and unsatisfac- 
tory end items. Such procedures are 
wasteful, costly and time-consuming." 

Gen. Lemnitzcr called for even 
closer teamwork than in the past to 
help with: 

• "Rapid adaptation to militarv needs of 
advances in knowledge and techniques 
which have been made by industry in 
its own sphere of activity.” 

• "Reduce lead time to acceptable 
terms." Gen. Lcmnitzqr said “our 
training lead time must be phased in 
with the manufacturer's production 
lead time. Obviously, if wc were to 
start training the operator to use the 
equipment only when it was completed, 
it would inject an intolerable delay in 
I he process of getting a new item into 
operational use.” 

• Uncertainty of procurement because 
of fluctuations in Army's budget. “Un- 
certainty can surely be reduced to a 
degree by close cooperation based on 
prompt exchange of information." 

Gen. Lemnitzcr also took note of the 
"telescoping” of the “time-distance 
factor” and how it has cut industrial 
mobilization time. This has been a 
favorite theme of Air Force for vears 
in its defense of its "USAF-industry 
team" concept, Gen. Lemnitzcr at- 


Recoverable Capsule 
For Satellite 

Lockheed’s reconnaissance satellite 
WS-117L will include a recoverable 
capsule, the company's annual report dis- 
closed last w-eck. Aviation Week learned 
that the main purpose of it will be to 
determine whether the equipment can 
be returned to earth at a selected place. 

Recovery would be a big research 
factor to help manned satellite capsule 

Convair’s Atlas intereontincnt.ll ballis- 
tic missile is definitely chosen as the' 
booster and would be coupled with a 
solid propellant second stage. This, ac- 
cording to present planning, would be 
the second stage of the l’olaris propul- 
sion system. Speed to be attained would 
not exceed 18,000 fps. 


tributed the telescoping of the time- 
distance factor to “advances in the field 
of military transportation" and said the 
shortened industrial reaction time out- 
modes the tendency "to think of the 
Army-industry partnership too exclu- 
sively in terms of industrial mobiliza- 

"Thc danger (now) is far more im- 
mediate," Lemnitzcr said. “. . . Instead 
of being held off from us by our allies, 
an enemy might well strike directly at 
the continental U. S. itself. That being 
the ease, the Army and the nation must 
be able to react immediately and 
effectively. 

"Thus, more than ever before, the 
industrv-Army partnership must be an 
intimate, continuing reality, based on 
close cooperation which has its roots in 
a steady exchange of information, a 
two-way street of mutual assistance.” 

Army has S20 million available in 
supplemental Fiscal 195S funds to 
initiate the Pershing work, but it did 
not reveal the amount of the Martin 
contract except to say that the program 
will involve "several million dollars 
immediately and become a multi- 
million dollar program over the next 

As systems contractor. Martin’s 
Orlando Division will be responsible for 
research, development, reliability test- 
ing and production of both the missile 
and its ground equipment. It also will 
furnish engineering, maintenance train- 
ing and field services. Birmingham 
Ordnance District will administer the 
contract, under ABMA. 

Goal is a lighter, smaller, more 
mobile missile to replace Redstone. 

Other changes resulting from Army's 
missile reorganization include eleva- 
tion of Maj. Gen. II. N. Toftov, former 
Redstone Arsenal chief, to deputv com- 
mander of the Ordnance Missile Com- 
mand; promotion of Brig. Gen. John A. 


Barclay to commander of ABMA; pro- 
motion of Brig. Gen. John G. Shinkle 
to head Army Rocket and Guided 
Missile Agency. Integrated White Sands 
Proving Ground is headed by Maj. Gen. 
Waldo E. Laidlaw and Dr. William 11. 
Pickering heads the Jet Propulsion 
Laboratory, operated by California Insti- 
tute of Technology. All these agencies 
now are a part of the Ordnance Missil 
Command. 

Slingshot Launching 
Technique Proposed 

San Diego— Proposal for a “slingshot- 
launched” manned hypersonic glider 
was outlined here by Rv-.in Aeronautical 
Co. structures engineer Vjckoslav Gra- 
dccak during a symposium on high 
speed aerodynamics and structures 
sponsored by Air Research and Devel- 
opment Command, University of Cali- 
fornia, Convair and Ryan, 

Slingshot method of launching elimi- 
nates the tremendous amount of fuel 
required to get a tail-sitter off the 
ground and bypasses the need for fuel 
to attain airborne speed. 

Hypersonic glider would be launched 
from a sled platform on a rail two miles 
long. Gradccak said rockets on the 
platform would be fired in sequence by 
the pilot through an umbilical connec- 
tion with the glider to provide smooth 
acceleration to about 500 mph. in ap- 
proximately 25 see. at a force of only 
1G. When airborne speed is reached, 
the pilot cuts in the glider's own power, 
consisting of liquid fuel rockets, and 
almost simultaneously releasing the 
latches securing the vehicle to the plat- 

A steep angle of ascent of about 55 
to -10 deg. would be quickly attained 
through pilot control. On its own 
power, the vehicle would climb to 
about 100,000 ft., then level off and 
gain speed in a more gradual climb. 

Maximum speed would be attained 
at burn-out of the rockets at about 
200,000 ft. where the glider would be 
traveling 15,000-18,000 mph. 

Aerodynamic controls would be sup- 
plemented by jet nozzles to provide 
adequate attitude control above 100,- 
000 ft., otherwise the glider would fol- 
low a ballistic control after the rocket 

Gradccak estimates that the glider 
will have slowed to 2,000 mph. by the 
time it descends to 100,000 ft. This 
would indicate that the most severe 
heating situation occurs above this alti- 
tude as this is essentially X-2 speed. 

Gradecak also described Ryan’s 
"MiniWatc” method of fabricating a 
paper thin skin to be used on hyper- 
sonic vehicles to help handle high heat 
inputs. "MiniWatc” is a welded com 
bination of flat and corrugated skins. 
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NACA Tests Model 
Of Hypersonic Glider 


National Advisory Committee for Aeronautics hypersonic glider model undergoing frcc- 
flight test flies around outdoor facility (top) at Langlcv Aeronautical Laboratory, Va. 
Wooded area deflects wind. Model is powered by hydrogen peroxide motor, is controlled 
by operator off to side. Safety cable catches model in case it malfunctions or proves 
uncontrollable. Dynamic models with compressed air motors fly against air stream pro- 
duced by full-scale wind tunnel at Langley Field (center, bottom). Tests appear to be 
aimed at studying landing characteristics, improving lateral control (indicated by differen- 
tial deflection of horizontal surfaces). Directional control is provided by all-moving 
vertical surfaces. Flight data is recorded by motion pictures. Note blunt trailing edges, 
blunt body base. 
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Space Technology 


Military Space Goals Stir Controversy 


By Russell Hawkes 

Los Angeles— Military and civilian 
speakers sparred at the Western Space 
Conference of the Los Angeles Cham- 
ber of Commerce over the objectives 
and management of U. S. military space 
programs. 

Keynote speaker Lee A. Dubridge, 
president of California Institute of 
Technology, warned against "wild pro- 
grams of Buck Rogers stunts and in- 
sane pseudo-military expeditions.” 

Prompt rebuttal of Dubridge's state- 
ments was made by USAF's Deputy 
Chief of Staff for Materiel, Lt. Gen. 
C. S. Irvine, who pointed out that no 
one could have foreseen all of the mili- 
tary applications of the airplane at the 
time of the Wright brothers' first 
flights. Dr. William H. Pickering, di- 
rector of Caltech's Jet Propulsion Lab- 
oratory, agreed with Dubridge that the 
value of weapon launching sites in 
space is limited by the fact that the 
job can be done better and cheaper 
from earth. However, he conceded the 
difficulty of forecasting applications at 
this early date. 

Conference Developments 

Other developments were: 

• Warning against wild swings be- 
tween despair and complacency about 
the race with Russia by Rear Adm. Jack 
P. Monroe, commander of Navy’s Pt. 
Mugu Missile Range. 

• Present contracting methods were at- 
tacked for wasting "25% to 30%” of 
the technical man-hours available to the 
nation and the weapon system concept 
was called invalid as a means of project- 
ing space vehicle development bv Dr. 
Wemher von Braun, director of de- 
velopment for Armv Ballistic Missile 
Agency. 

• Government was advised to place air 
weapon system responsibility in the 
hands of the historic aircraft business 
or see the character of the business 
altered to one less adaptable to mili- 
tary demands by Courtlandt S. Gross, 
president of Lockheed Aircraft Corp. 

Dubridge said American industry 
and technology must not lose sight of 
the vital goal of building ballistic mis- 
siles which can strike any point on 
earth more reliably, more effectively 
and more chcaplv. Satellites equipped 
with suitable optical and telemetering 
instruments will be valuable recon- 
naissance and weather observation plat- 
forms, but “that is about the end of 
the story on the military value of earth 
satellites.” He called surface-launched 
ballistic missiles “a lot more accurate, 


cheaper, more reliable, more flexible 
and more instantly available than any 
satellite (launched weapon) could be.” 

Dubridge ridiculed Sunday supple- 
ment stories that the moon would be 
a good observation post and launching 
site. He pointed out that it is a bit 
optimistic to plan on detecting man- 
made objects from a distance of 240,- 
000 mi., especially since the side of the 
earth facing the moon is in darkness a 
good part of the time and covered by 
aloud another part of the time. 

Three Reasons 

He called the use of the moon as 
a launching site “utter nonsense” and 
advanced three reasons for this opinion: 

• Hydrogen warhead with all the men 
and equipment needed to establish and 
maintain a base would have to be trans- 
ported 240,000 mi. only to shoot the 
warhead 240,000 mi. back to earth 
when the target is only 5,000 mi. away 
in the first place. “1 can think of no 
gain that is worth the colossal cost.” 

• To launch a warhead along a mini- 
mum fuel orbit to a target on the earth 
would require five davs from firing to 
impact, while an ICBM can reach any 
target on earth in 20 min. 

• If our rockets are good enough to 
put men and equipment on the moon, 
the enemy’s will surely be good enough 
to put a hydrogen warhead on the same 
spot. 

Gen. Irvine called his theme, “the 
Air Force today is the space force of 

Gen. Irvine said that USAF in- 
tends to project itself into space opera- 
tions at the earliest possible time. 
Manned vehicles may be equipped with 
fantastically improved space-launched 
weapons. Space intercept weapons may 
play their present role but be deployed 
thousands of miles above the earth 
rather than thousands of feet. Un- 
manned space vehicles controlled from 
earth or from space stations will per- 
form reconnaissance and strategic mis- 

Irvine cited work begun a year ago 
on a one million pound thrust rocket 
and study of a tvpc employing propel- 
lants not yet isolated. He told manu- 
facturers that USAF "cannot afford the 
luxury of buying excessive quantities 
of any particular system. It would be 
much healthier if companies would use 
their energy to develop better systems.” 
He said that a company which is rela- 
tively unknown todav could become 
a major space vehicle contractor 
tomorrow. 

Dr. von Braun, in attacking appli- 


cation of weapon system thinking to 
early space flight projects said, “I'd 
rather see manned orbital flight in a 
Icss-than-optimum-performancc vehicle 
three years from now, instead of hav- 
ing to wait for five years to see it ac- 
complished in an optimized design 
which is obsolescent because the Rus- 
sians have again beaten us to the 
punch. Let's get a good, big rocket 
engine adequate to power a manned 
orbital rocket, even if the latter docs 
not qualify as an integrated weapon 
system and is nothing but a glorified 
test bed." He called it ridiculous to try 
to clarify militarv requirements in areas 
which are still in the stage of funda- 
mental pioneering and applied research. 
He said establishment of firm and in- 
flexible paper requirements designed to 
fill an immediate military need is hold- 
ing up decisions and funding. 

Von Braun conceded the value of 
the weapon system concept in its 
proper role in development of weapons 
for large scale production and field 
deployment. But he called for reno- 
vation of our bidding and contract as- 
signment methods. 

Role of Scientist 

Dr. Pickering cited replacement of 
solo research, symbolized by the work 
of Newton, by team research like Man- 
hattan Project as reason for the greater 
demand for scientists. He called for a 
balanced understanding of the value of 
studies whose only pay-off is knowledge. 
This research is not necessarily ex- 
pensive. The scientist needs only an 
acceptable living standard, status in the 
community and peace in which to 
work. Education should emphasize the 
life sciences as well as the physical 
_ sciences as eventually they are likely to 
prove the more important. Conquest 
of space is not the only great scientific 
achievement which deserves public 
support. 

Of space rocketry, he said we have 
not yet caught up with the opposition 
and “it is obvious that the Russians 
will be able to trump every ace we play 

Adm. Monroe cited these techno- 
logical developments needed by the 

• Lightweight, high potential power 
supply. 

• Lightweight, high resolution televi- 
sion cameras with a long range, high 
signal-to-noise ratio transmitter for use 
in unmanned satellites. 

• Compact, low current video tape re- 
corders for recoverable satellites. 

• New materials and fabrication tecli- 
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niqiies to improve electronic reliability. 
«• Desperately needed is a method or 
device for passive ranging on targets. 

• Method of increasing radar reflectivity 
of small, high speed, expendable 

• Gyro that is not critically sensitive 
to changes in environment for inertial 
guidance systems. 

• Automatic system, possibly tied to 
a computer on the ground, which dis- 
plays on the fighter radar scope his 
required course of action or actually 
controls him through early phase of 
attack. This eliminates fighter con- 
troller faced with 3,000 kt. closing 
speed. Many experts believe that head- 


on attack is only one possible when 
Mach 2 fighter faces Mach 2 target. 

• Single point iniss distance indicator 
within the missile rather than the tar- 
get. Present method is not sufficiently 
accurate and will be useless in evalu- 
ating anti-missile missiles. 

New method should give such items 
as missile acceleration and velocity, pre- 
cise miss distance and point of closest 
approach. 

• Three-dimensional pictorial display of 
missile trajectory to case problem of 
range safety officer now faced by two 
dimensional-display of a three-dimen- 
sional problem on at least four panels. 

• Equipment for the solution and cor- 


rection of missile trajectory compact 
enough “to be carried in one van or 
at least few enough vans so they can 
all take the same road the same day." 

Monroe also described the National 
Pacific Missile Range now being built 
around his command at Naval Air 
Missile Test Center. Pt. Mugu, and 
the nasal facility Pt. Arguello (former 
Camp Cooke). He said missiles will 
ordinarily only be tracked as far as 
the burnout point. Ships stationed in 
the target area will locate the point 
of impact by the sonar technique in 
which the explosion of a charge in 
the missile nose is ranged on by highly 
accurate sonar. 


Space Technology 

Space Avionics Challenges Designers 


By Philip J. Klass 

New York— Challenging problem of 
designing microminiature-size and 
ultra-reliable communication-navigation 
equipment for space travel will be com- 
plicated by the relatively miniscule 
amount of electric power available in 
the vehicle, engineers attending the 
Institute of Radio Engineers conven- 
tion here were told last week. 

An estimated turnout of several 
thousand engineers heard a seven-man 
panel discussion of electronics in space 
indicating impact of space technology 
in the avionics field. Panel was coupled 
with formal papers on related subjects. 

Navigation during interplanetary 
flight probably will employ combina- 
tion of existing inertial and stellar guid- 
ance techniques, according to Dr. C. S. 
Draper, Massachusetts Institute of 
Technology, member of the seven-man 
panel. Inertial guidance will be used 
tor launch and terminal phases, with 
celestial body sightings employed dur- 

crence for determining vehicle position 
and for establishing reference coordi- 
nate indications of inertial system. 

To reduce power consumption. 
Draper suggested that stellar-inertial 
guidance system might be operated in 
"slowed down" fashion during most of 
the en route flight where extreme ac- 
curacy is not required. Absence of grav- 
ity should improve accuracy of gyro- 
scopes by factor of 10 to 100, Draper 

Communications will be a restrict- 
ing, but not limiting factor in space 
travel, Dr. J. B. Wiesncr of M. I. T. 
told the symposium. Major problem 
again is available power for vehicle 
transmitter. Preliminary calculations 
indicate that an unmanned vehicle 
landed on Mars could telemeter back 
data at the rate of one change per sec- 


ond using one-watt transmitter operat- 
ing at 2,000 me., providing earth re- 
ceiving station employed a steerable 
antenna measuring 300 ft. in diameter 
and a receiver using extremely low- 
noise Maser amplifier operated at near 
absolute zero temperature. 

From the Moon, one-watt transmit- 
ter would permit transmission of slow- 
scan TV pictures at rates of several 
frames per second, Wiesncr’s calcula- 
tions indicate. 

Ability to measure solar electromag- 
netic radiation in space, before it has 
been screened by earth’s atmosphere, is 
a major advantage of satellite-bused 



WORLD'S smallest hermetically sealed sill- 
con diode (left), fraction the size of con- 
ventional sealed diode (center), is made 
possible by scaling technique which uses 

eliminating need to encapsulate whole crys- 
tal. Microminiature diode, developed bv 
Pacific Semiconductors Inc., can handle cur- 
rents as high as 0.3 amp., reportedly has 
survived nine successive MIL-Standard 202 
moisture-resistance tests. New technique 
should permit major size reductions in air- 
borne digital computers which use thou- 
sands of diodes. 


scientific investigation, Dr. Lloyd 
Berkncr, president of Associated Uni- 
versities, Inc. told the IRE. He said 
that the next U.S. satellite, possiblv 
the next Soviet Sputnik, would be 
equipped to measure X-ray radiation 
from the sun. 

An early U.S. satellite also will be 
equipped to measure cloud cover around 
the earth, for meteorological purposes, 
to determine relationship between 
weather and the position of centers of 
solar heat absorption and radiation on 
the earth. 

In the field of astronomy, Berkncr 
said that the U. S. hopes to put 40 to 
50 in. telescopes up into space in 
the near future, that astronomers arc 
anxiously awaiting their first look at 
the heavens from above the earth’s 

Precision of orbit required to send 
an unmanned vehicle circling behind 
the moon and back close to the earth 
probably will require use of guidance 
and control within the vehicle, accord- 
ing to paper by Brig. Gen. John A. 
Barclav of Armv Ballistic Missile 
Agency, delivered by Lt. Col. G. II. 
Drevvrv during meeting of IRE’s pro- 
fessional group on aeronautical and 
navigational electronics (PGANE). 

To send a vehicle around backside of 
moon within several thousand miles of 
its surface and bring it to within 500 
mi. of earth to radio back its findings 
requires nearly impossible precision— 
if guidance is limited to launching 
vehicle, as with present satellites. Bar- 
clay indicated. Cutoff velocity of 
launching vehicle would have to be 
controlled within one part in 500,000. 
its injection angle into desired orbit 
would have to be held to within 0.001 
deg. and the instant of launching would 
have to be timed to within 10 sec. un- 
less a trackable launching platform 
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Aircraft, Rocket Fuel Power May Rise 


By Michael Yaffcc 

Dallas— More power per gallon is the 
promise of a number of new aviation 
and rocket fuels now under dcvelop- 

To the airline operator, these fuels 
will mean more preload and/or range 
per dollar. More important, to the mis- 
sile manufacturer they will mean more 
powerful engines that will be smaller, 
weigh less and, in some instances, even 
cost less than present day powcrplants. 

On a gallon or pound basis, the 
higher energy fuels will cost anywhere 
from 10% to 50 times more than their 
current counterparts. But on a perform- 
ance basis, many of them will actually 
cost less than todav’s fuels, according to 
Gulf Oil Corp.’s Robert A. Wells, 
speaker at the American Society of 
Mechanical Enginccrs-Amcrican Rocket 


Society Aviation Conference held here. 

As one example of this cost calcula- 
tion, Wells used the case of Grade 
115/145 aviation gasoline containing 
AK-33X, a methyl cyclopentadicnvl 
manganese tricarbonyl additive under 
development by Ethyl Corp. and in- 
tended for the same application as tetra- 
ethyl lead. The use of AK-33X would 
probably raise the cost of 115/145 avia- 
tion gasoline about 10%. Since gaso- 
line constitutes 20% of a piston engine 
airplane’s direct operating cost, this 
would result in a 2% (10% of 20%) 
increase in direct operating costs. The 
use of the additive, however, would re- 
duce fuel consumption 5%. thereby 
providing the operator with a 3% net 
saving in direct operating cost. More- 
over. longer time between overhauls 
due to the increased detonation margin 
resulting from use of the additive will 


probably add to the 3% net saving. 

In the case of turbine-powered com- 
mercial aircraft, present aviation grade 
kerosenes such as turbine fuel and JP-4 
do a better job than any new high en- 
ergy fuel now in sight could do at com- 
parable costs. 

It's a different story, however, in 
the military turbine field where mis- 
sions often make costs inconsequential. 
Higher energy turbine fuels could en- 
able present and planned aircraft to fly- 
farther without refueling bv packing 
more Btus in the same tank volume. 
There is already a well defined need 
here for fuels with at least 140,000 
Btu/gal. and IS.400 Btu lb. l ire 1 P-4 
now used bv the Air Force averages 
119,000 Btu'/gal. and 1S.700 Btu/lb. 

However, as Btu/gal. increases in 
petroleum-derived hydrocarbon fuels, 
Btu/lb. and aircraft range decrease. 
This docs not rule out hydrocarbon 
fuels as such, but only those derived 
from petroleum. As a result of tests 
run by oil companies and the Air Force, 
certain lrvdrocarbons show promise as 
high energy turbine fuels and definitely 
merit further study. according to Wells, 
particularly the alkylated derivatives of 
basic polycyclic structures. Alkylation 
of these materials apparently increases 
their heating value per unit weight and 
per unit volume, and lowers their freez- 
ing point and viscosity . 

Specifically mentioned by Wells 
were the following polvcvclic materials: 

• Dccalin-1 35,000 Btu gal. and 18,200 
Btu/lb. 

• Mixture of perhydrofluorene and per- 
hvdrophcnantiirenc— 143.170 Btu/gal. 
and 18,260 Btu/lb. 

• Perhydrofluoranthene- 1 48,450 Btu/ 
gal. and 18,130 Btu/lb. 

• Isopropvlbicvclohcxvl— 135,860 Btu/ 
gal. and 18,460 Btu Tb. 

Some liquid fuels winch ignite spon- 

for airbreathing engines, particularly 
ramjets. For one thing, they do away 
with the problem of flame-outs; for an- 
other. they enable vehicles to fly faster 
at higher altitudes with leaner fuel mix- 

in the case of the ramjet, they obviate 
the need for a flame holder and, com- 
pared with hydrocarbon fuels, permit 
the same amount of thrust to be taken 
from a much smaller, less complicated 
and less expensive engine. It is possible, 
for example, to build a pyrophoric- 
fueled engine for S600 that will com- 
pare with a S5,000-S 10,000 petrolcum- 

The most promising fuels in this 
group arc triethvl aluminum, triethvl 
borane and trimethvl aluminum. TEA 
and TEB can be produced in large 
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volumes at reasonable costs. But like 
all the other promising fuels mentioned 
by Wells, these too har e drawbacks that 
must be overcome if they arc to achieve 
operational status. In the ease of the 
pyrophoric fuels, they arc serious draw- 
backs— they are extremely destructive to 
living tissue, ignite spontaneously' in air 
and violently with many other elements, 
and have poor lubricity. 

Better known by such names as 
Ilical. FIEF and ZIP fuel, the alkylated 
boranes arc on the brink of large scale 
production. First major application of 
this group will probably be in the B-70. 

At present, the boranes are still 
limited by the characteristics of their 
main combustion product, boric oxide. 
From 1.000F to 4.000F. boric oxide is 
a viscous, syrupy liquid that deposits on 
primary combustor walls, turbine stat- 
ors and rotors, afterburner walls, in- 
jectors. flameholders and variable area 
nozzles. In a turbine engine burning 
liquid pcntaboranc. the liquid oxide 
flowing along with the exhaust quickly 
builds up to S in. thickness which soon 
stops conventional turbine engines. 

Consequently, the boranes will prob- 
ably be used in afterburners or ramjets 
where the absence of moving parts eases 
the problem presented by the viscous 
oxide combustion product. But even 
here, borane combustion products cause 
corrosion and abrasive erosion. 

The B-70. Wells surmised, will prob- 
ablv burn hydrocarbon fuel in its six 
turbojet engines and boron fuel only in 
the afterburner or rani|Ct stage. 

In addition to the viscous and cor- 
rosive nature of the combustion prod- 
ucts, the boranes arc toxic and expen- 
sive. Even if the predicted price of 
Si /lb. is achieved with large scale pro- 
duction. I4EF and Ilical will still be 50 
times more expensive than present hy- 
drocarbon fuels. 

Undoubtedly, boron fuels will do a 
much better job in many instances than 
present fuels and so merit the added 
cost. They definitely show enough prom- 
ise to warrant taking the time and trou- 
ble to trv to solve the associated prob- 

that the boron fuels can boost perform- 
ance as much as 40% over present op- 
erating levels. 

In the field of high energy rocket 
fuels, hydrogen, of course is theoreti- 
cally ideal with regard to high specific 
impulses. But its low boiling point 
and low dcnsitv are undesirable. 

The value of the liquid boranes as 
rocket fuels is also questionable, accord- 
ing to Wells. Low density again offsets 
theoretical increases in specific impulse 
and results in an overall performance 
parameter comparable to that of JP-4. 
Solid boranes show somewhat more 
promise as high energy rocket fuels and 
are under development in a joint pro- 
gram of Gallery Chemical and Thiokol. 


At least in the near future, increased 
performance in liquid rocket fuels will 
probably come from further refining of 
the. hydrocarbon fuels. Such materials 
as RP-1 and JP-6H (narrow cut hydro- 
carbons) and the alkylated polycyclic hy- 


drocarbon offer somewhat better specific 
impulses than the wide kerosene cut 
JP-4. which is taken out of petroleum 
over a wide boiling point range. Be- 
yond these. Wells sees few bright pros- 
pects for high energy rocket fuels. 


West Germans Buy U.S. Missiles; 
Fighter Choice Due in Few Weeks 


By David A. Anderton 

Geneva— Spinning wheels of West 
Germany's aerial rearmament program 
finally appear to be on solid ground. 

• Long-delayed government purchase 
decision on Luftwaffe re-equipment now 
is expected within a few weeks. 

• Orders for 300 Nike-Ajax missiles 
have been placed by the Defense Min- 

• Twenty Martin Matadors and 12 
launchers for the missiles will be bought 
for training and industrial dissection. 

Final choice of the interceptor for 
the fledgling Luftwaffe has narrowed 
down to a short list consisting of devel- 
opments of the Grumiiian Super Tiger, 
the Lockheed Starfightcr and the 
French Dassault Mirage 3. Most ob- 
servers believe the choice will actually 
be made between the two American 
types, and that the continued German 
deference to the French and their de- 
sign is political in nature. 

Requirements have solidified to the 
state where they demand a two-seater 
airplane with all-weather capability. 
Lockheed has a two-scat version, tlic 
F-104B; Grumman and Dassault also 
have designs. None of the airplanes 
now has all-weather capability. 

Current procurement plans favor out- 
right purchase of 150 airplanes from 
outside Germany, with future produc- 
tion to be done under license by the 
F’lugzcugunionsud. That group now 
includes Heinkel. Messersclrmitt. Bol- 
koew and Junkers. 

One cause for latest delay in the 
decision has been the scheduled final 
round of flight tests on the Mirage. 
It is an open secret in technical circles 
here that one number of the German 
test team got pilot-induced oscillations 
on a highspeed flight of the French de- 
sign. Reports are that the resulting 
oscillations loaded the airplane alter- 
nately between plus and minus 5G, and 
the Mirage suffered some damage as 
a result of the abnormal negative loads. 

Reports that German Air Force Gen- 
eral Joseph Kammhubcr was impressed 
with the Lockheed Starfightcr probably 
stem from the fact he rode in F-104B 
at Edwards AFB but was unable to 
ride in a similar Grumman two scatcr 
which has not been built. 

Navy has released advanced missile 


data to USAF which has passed same 
on to contractors selling here. But 
Navy will not release same information 
to its contractors for their sales effort 
here. 

Conflict between Grumman and 
Lockheed ships boils down to a few 
performance tacts: Lockheed F-104 is 
faster and Iras more acceleration: as a 
flying machine it appeals to pilot psy- 
chology, giving him fastest mount ill 
air. Grumman F11F-1F" has superior 
landing and takeoff characteristics and 
better maneuverability, good speed. 

A reliable source told Aviation 
Week that official USAF flight test 
figures for the F-104 show landing dis- 
tance over a 50-ft. obstacle equals 5,400 
ft. to stop, of which 3,000 is ground 
roll after touchdown with drag chute 
open. Comparable Grumman figures, 
also official Edwards AFB data, show 
3,800 ft. total distance of which 2,490 
is ground roll-without drag chute. 

Cost of F-104 to USAF is SI. 112.- 
000. Cost quoted to Germans is 
5678,000. Lockheed is building total 
of 294 under USAF contract and will 
build subsequent planes with no over- 
head, no plant costs and no develop- 
ment costs charged to the planes. 

Grumman Super Tiger has been to 
77,000 ft. and Mach 2.01 as consistent 
performance. At Mach 2 the yaw 
damper has been taken off. hard rudder 
kicked and airplane has damped out. 
Lockheed airplane is placarded not to 

MachTV"" Unlt >a " " ,PCr 

Most of the Nike missiles will be used 
to defend the Ruhr, industrial heart of 

Matador purchase is already exciting 
unfavorable press comment. The in- 
fluential Hamburg paper. Die Welt, 
blasted the idea as unsound and said 
that about the only training Germans 
could do would be to take the Matador 
apart into seven pieces and put it 
together again. Anything further, such 
as replacing defective parts, would vio- 
late the Brussels agreement which does 
not give the Germans permission to 
work on missiles. Die Welt also had 
some caustic comments about the ex- 
pected accuracy of the Matadors, which 
are the early TM-61C models with 
nuclear capability' and not the late 
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• Solid residue from urine would be 
used as food for algae or other biologi- 
cal culture performing the photosyn- 
thesis function and producing oxygen 
for breathing. 

Dr, Clark presently envisions the 
food product from a closed cycle as 
being glucose water thickened to about 
the consistency of Pablum by cellulose 
fiber, a paper thinner than filter paper. 
The checks on such an automatic sys- 
tem to make certain that poisonous 
waste material is kept out of the final 
food product will be made by X-ray 
diffraction in Dr. Clark's opinion. 'Die 
ordinary wet chemical methods would 
not be adequate. 

The closed cycle ecological system 
will not be very efficient cnergv-wise, 
even though conservation and reuse of 
the individual atoms will be 100%. 
Probably 1,000 times the energy pro- 
vided to the human bodv through the 
final food product will he necessary 
to operate an automatic cycle. This 
energy would be available in space in 
solar form. 

Recycling urine was discussed by 
Capt. W. H. Hawkins of the Air Force 
School of Aviation Medicine. His 
studies have convinced him that a 
weight saving could be realized by a 
closed cycle urine-pure water system 
on any space trip lasting longer than 
one week. The two systems offering 
this weight advantage over carrying 
water supplies are: simple separation of 
poisonous elements bv freezing out the 
pure water or electro-osmosis. 

The psychological reaction of space 
crews depending on such systems for 


NORTH AMERICAN Columbus Division A3 1 ejection scat is similar to McDonnell F-4II 
seat division is building. Stabilizing fill on pilot’s right (left) is retracted. Rear view, right. 

Space Technology 


Development of Food-Waste Cycle 
Goal of Space Flight Researchers 


weight savings over carrying food and 
water stores which amount to about 
1.5 tons per year per man. The round- 
trip to Mars, for example, would re- 
quite about a year along a high energy 
trajectory and over three years for a 
minimum energy space vehicle. 

General description of such a system 
was given at the 29th annual meeting 
of the Aero Medical Assn, here last 
week by Dr. C. C. Clark, of the Naval 
Air Development Center, tohnsville. 
Pa. 

Dr. Clark’s proposed ecological cycle 
would provide an answer to the prob- 
lem of excess water which is produced 
in the human body’s normal metabolic 
process. This accumulation of excess 
water, amounting to about 300 cc. per 
man per day, until recently has been 
listed among the problems of long 
space trips by some scientists. 

Dr. Clark’s theoretical system which 
returns every atom of human waste to 
the nutrition cycle is also considered 
feasible bv Air Force physicians. 

All of the organic processes necessary 
for the closed cycle have been synthe- 
sized or kept in operation in the 
laboratory. 

Possible cycles are: 

• Excess metabolic water would be 
used in forming carbohydrates in the 
form of glucose water. ’ 


By J. S. Blitz, Jr. 

Washington— Completely closed eco- 
logical systems, automatically duplicat- 
ing nature’s earthly processes to produce 
food and water from human waste, are 
a primary research goal to permit 
manned interplanetary’ travel. 

These automatic chcmicnl-mcchani- 
cal systems would represent significant 


NAVAL full-pressure suit weighs approxi- 
mately 9 lb. without helmet, replaces 22 lb. 
suit (AW March 24, p. 37). 


Environment Limits 

Washington— Experimental investiga- 
tions to determine the absolute limits of 
life supporting environment have pro- 
duced the following data: 

• One cell animals can withstand more 
than 250,OOOGs and equipment lo sub. 
ject them to 1.00O,000Gs is being pre- 

• Fish will live under 10.000G for half 
a minute and 7.000G for one min. 

pressure for half an hour, and bacteria 
survive for six to eight hours. All liquids 
in the organisms are boiling under these 
conditions. 

The experiments were conducted at 
the U. S. Naval School of Aviation Medi- 
cine by D. E. Beischcr and his associates. 

Final resnlts of the study will help to 
answer one of the hypotheses men- 
tioned in the ’'Introduction to Outer 
Space” report made by the President's 
Science Advisory Committee last w-eek— 
that small living particles or animals may 
be able to survive in space and could 
drift from our planet. 
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Sputnik II in Orbit 

Sputnik II was photographed with Record- 
ing Optical Tracking Instrument camera 
as it passed within 200 mi. of Air Force 
Missile Test Center. Patrick AFB, at 6:05 
p.tn. ESI’. Lighting was near optimum: it 
was almost dark at surface while rocket was 
in full sunlight at about 135 mi. altitude. 
Sputnik II length is between 74-84 ft., 
consists of third stage rocket, dog enclosure 
and instrumentation unit. 

food and water was not discussed for- 
mally at the meeting. Several scientists 
expressed the belief, however, that edu- 
cating adults to accept such an existence 
without psychological stress would be 
one of the most important tasks in 
preparing man for space flight. 

One of the most provocative 
’’thought" lectures made at the meet- 
ing was presented by D. E. Beischcr of 
the U. S. Naval School of Aviation 
Medicine. Dr. Beischcr feels that the 
space traveler should be insured against 
unpleasant suprises by: 

• Considering the possibility of a world 
not centered around carbon and water. 

* Considering the variation in life 
shown to be possible by recent advances 
in nuclcoprotein chemistry which have 
shed so much light on the process of 
heredity common to all life in the car- 
bon-water world. 

Dr. Beischcr’s ideas were echoed by 
several of the biologists present who 
believe that the greatest surprises and 
adjustments that man faces in the next 
50 years will be caused by an increase 
in biological knowledge rather than 
space flight. 

There is a possibility that man travel- 
ling in space or in the upper fringes of 
the atmosphere might have to pass 
sticks or circles before his eyes as a 
reference point in order to see objects 
at a great distance. 

J. W. Miller and Elek Ludvigh, of 
the U. S. Naval School of Aviation 
Medicine, said it -was found that the 
eye's efficiency drops sharply in an 
empty visual field and that hallucina- 


Dual Missile Defense Predicted 


Salt Lake City— Ballistic missile de- 
fense system now under development 
is almost certain to become obsolescent 
before it becomes operational as result 
of technological advances in both 
ballistic missile design and detection 
techniques already on the horizon. 

Warning comes from Dr. Richard 
C. Raymond, manager of General Elec- 
tric's Technical Military Planning 
Operation (Tempo), speaking here at 
the third annual Air Power Symposium. 

Dr. Raymond predicted that presently 
planned ballistic missile defense system 
may have to be expanded to provide 
two distinctly different types of active 
defense missile systems. 

• Point-defense, short-range missile to 
protect Strategic Air Command homber 
and missile bases. This corresponds to 
Armv's Nike-Zcus. programmed for 
ICBM defense (AW Feb. 24, p. 66). 

• Area defense longcr-rauge missile to 
protect population-industry centers and 
give increased coverage to strategic 
striking force. 

Dual-type missile defense system sug- 
gested by Dr. Raymond is comparable 
to objectives of Air Force Wizard pro- 
gram. recently halted by Secretary of 
Defense McElroy. 

Fifteen minute warning to be pro- 
vided bv ballistic missile carlv warning 
system now under development is 
"barely sufficient” to launch strategic 
counterblows, Dr. Raymond said, and 
the figure will be "even less for some 
future (ballistic missile) traicctorics.” 

This will require greatly increased 
political-decision speed, it full advantage 
is to be gained from the costly sur- 
veillance system, he said. 

Although SAC ballistic missile de- 
fense site can be "hardened to a certain 
extent,” Dr. Raymond said, there is no 


point to designing it to withstand a 
direct hit which would knock out the 
nearby SAC base it is intended to de- 
fend— particularly if the missile site's 
ratc-of-fire and effectiveness must be 
sacrificed to protect it from fallout. 

Present point-defense concept of 
making relatively low-altitude attacks on 
enemy ICBMs. using the atmosphere to 
screen out light-weight decoys from war 
head-carrying nose cones, is "probably 
all right," Dr. Raymond said. If the 
attack is very heavy, the point-defense 
missile site can concentrate on those 
weapons dangerous to the target being 
defended and to ignore near misses. 

But the requirements for an active 
missile defense for population-industry 
targets are quite different. Dr. Raymond 
pointed out, because this target can- 
not fly assay or evacuate fast enough 
and because penetration by a few mis- 
siles does not eliminate need for con- 
tinued defense. Area-type missile sites 
must therefore be designed to operate 
for extended period, despite blast, ther- 
mal damage and radioactivity in the 
area, he said. Furthermore, the com- 
munication lines which link individual 
missile sites in an area-defense system 
must also be hardened against damage, 
and principal facilities must be located 
away from likely targets, unlike the 
point-defense sites. 

Area defensive missile must strike 
while enemy vehicle still is in space, 
which requires use of techniques for 
discriminating between decoys and ac- 
tual warheads. Dr. Raymond said. How- 
ever, a compensating advantage is the 
fact that it may only be necessary to 
damage nose cone sufficiently to pre- 
vent it from successfully re-entering 
the atmosphere, without actually de- 
stroying it prior to rc-entrv. 


Explorer III Orbit 

Washington— Explorer III was launched by Army last week from USAF Missile 
Test Center. Cape Canaveral. Fla., into what apparently will be a short-lived orbit. 
A slight guidance system error created an apogee of about 1.733 mi. instead of 
1,217 mi. as planned and brought the perigee within 125 mi. of the earth, accord- 
ing to Naval Research Laboratory, which also estimated the satellite’s life will be 
4-6 months. 

Instrumentation in Explorer III is an improvement over Explorer I and will 
provide more information as long as it is aloft. The new- satellite records total omi- 
dircctional cosmic ray incidence and intensity on a small tape recorder during its 
orbit. Tin's information is sent to the ground in five seconds by high power trans- 
mitter as the Explorer passes over a minitrack station. 

A low power transmitter continuously sends external and internal temperature 
readings which can only be received by special equipment. The internal temperature 
is expected to stay between 43F and 104F as the same aluminum oxide striping 
pattern used on Explorer I is incorporated on the new vehicle. The low power 
transmitter also sends micromctcorite information and a cosmic ray count. 

'Hie launching vehicle was a Jupiter C rocket essentially unchanged from the ones 
previously fired. Present period of the satellite is about 115 min. 
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Atlas Transporter 
Positions Missile 
In Service Tower 

Atlas ICBM 12-story servicing tower has 
gantry cranes, work platforms, electrical and 
pneumatic air systems for machine and 
automatic tools. Dcmmerali/.cd water sys- 
tem is used to wash missile. Sliding water- 
proof weather curtains are also used for 
security. Tower has two-wav communica- 
tions to blockhouse, two fire protection 
systems, emergency escape cable for work- 
men on upper stations, and complete light- 
ing system. Missile is backed up ramp on 
cross-country trailer. Base of missile is then 
secured to launching device. Crane hoists 
missile, trailer to vertical position. After 
missile is fixed on launeher, trailer is low- 
ered and seven retractable work platforms 
are positioned. Two 16-man elevators hoist 
men, equipment. Tower, on transfer table 
on railroad tracks, is rolled back 500 ft. 
for firings. Tower is built to withstand 120 



Overtime Policy Eased 

Washington— Overtime policy on pro- 
curement contracts has been changed by 
Defense Department to ease administra- 
tive burdens of contractors and contract- 

ices Procurement Regulation 12-102. 

Extensive overtime still is subject to 
high-level review within a service. Over- 
time regulations on ballistic missile pro- 
grams remain unchanged. The ASPR is 
to be “given a liberal interpretation in 
favor of getting on with the job” in any 
case of doubt on a high-priority pro- 
gram, Deputy Secretary Donald A. 
Quarles said. Revision cancels the over- 
time directive (4105.48) of last Oct. 1 
and Quarles' memorandum of last Jan. 
16. 


News Digest 


Sw’iss order for P.16 home design 
fighter was deferred following crash of 
the third prototype into Lake Con- 
stance. Order for 100 aircraft (AW 
March 24, p. 65) will not be reinstated 
until investigation reveals details. Pilot 
ejected safely when nose grew increas- 
ingly heavy in landing approach and he 
was unable to correct it. It was second 
P.16 to crash into Lake Constance. 

Republic Aviation Corp. Stretchouts 
and cutbacks reduced company’s 1956 
sales of S346.214.510 to last year's 
S269.017.856. Net earnings were down 
from S7.367.435 to S6, 102,631, or $4.15 
a common share. Republic said Defense 
Department economics will continue to 
be felt through first three quarters of 
this year, but adds volume production 
of F-105 Thundcrchief is expected to 
begin in last quarter to run through 
1960. 

Northrop Aircraft Inc., revealed that 
familiar pattern of higher sales and 
lower earnings was reversed in six 
months ended in January. Sales of 
5125,524,168 were lower than same 
period last year, when $135,323,974 
was reported, but earnings rose from 
S2.236.157 to S2, 864,369, or SI. 82 a 
share. Backlog, primarily because of 
increased orders for Snark missile, rose 
to S275 million from S196 million 
three months earlier. 

Lockheed Aircraft Corp.’s sales and 
earnings increased in 1957: sales to 
a record high of 5868,315.000. Earn- 
ings of $16,309,000 or $5.52 a share 
were 8% higher than 1956. Lockheed 
predicted its missile business in 1958 
would increase approximately 150%, to 
$180 million. 


AIR TRANSPORT 


CAB Fare Probe to Continue Into 1959 


Board to resist pleas to cut short investigation in its 
search to determine passenger fare level standards. 


By L. L. Doty 

Washington— Most optimistic esti- 
mates by Civil Aeronautics Board staff 
members now place date of decision in 
the General Passenger Fare Investiga- 
tion at January, 1959, with a strong pos- 
sibility of a second interim fare increase 
before then. 

Despite a recent bid by American 
Airlines to rush the investigation 
through to a finish by June (AW Jan. 
27, p. 38), both the Board and its 
staff members will resist any short cuts 
and allow the case to run its normal 
course. 

The Board is determined to put an 
end to general criticism that it has regu- 
lated airline rates for 20 years without 
the benefit of fare level standards for 
guidance. 

Meanwhile, the mounting critical 
financial condition of the airline in- 
dustry is forcing the Board to keep a 
watchful eve on current earnings. 
Staff members say the current recession 
prompted the Board's action in grant- 
ing an average 6.6% fare increase in 
January as an interim relief measure. 

In mid-January, the Board took an 
unprecedented step when it asked the 
trunkline carriers to file year-end results 
by January 31. 

The move indicated the urgency with 
which the Board is now viewing the 
financial problems of the airlines since 
statutory reporting periods set April 1 
as the normal deadline for vear-end 
reports. 


Analysis of the reports undertaken 
by the Board staff was conducted as 
an emergency measure without regard 
to tariffs filed by the airlines or to find- 
ings at that time in the General Pas- 
senger Fare Investigation. If the finan- 
cial depression of the industry continues 
to deepen, the Board will again call 
upon its staff for further studies as a 
basis for another fare increase. 

In its decision on the American peti- 
tion to expedite the fare case, the Board 
reaffirmed this stand by stating that 
any "necessary interim relief will con- 
tinue to be available outside the frame- 
work" of the General Passenger Fare 
Investigation. 

Such action, however, will draw dis- 
sension within the Board. In concur- 
ring with Board majority denying the 
American Airlines motion. Member 
G. Joseph Minetti expressed concern 
that any future interim fare increases 
granted prior to the final resolutions 
of the general fare case will "prejudge 
many of the issues." 

Minetti admitted to the need for 
watching the financial requirements of 
the airlines during the investigation 
but warned of the possibility of strong 
resistance to higher fares by potential 
trawlers during the present recession. 
The degree to which fares can be hiked 
without pricing the airlines out of their 
market also has been a source of con- 
cern to Board Chairman James R. Dur- 
fee. 

Vice Chairman Chan Gurney has 
consistently recognized the seriousness 


behind the airlines critical financial 
situation. New member, Louis J. Hec- 
tor, saw the need for help in the form 
of a fare increase but last year said that 
data presented by the airlines in the 
suspended passenger fare investigation 
was not sufficient to prove that need. 

Hector, however, is rigidly opposed 
to taking any short cuts in the General 
Passenger Fare Investigation and charges 
that the Board opinion on American's 
move to expedite the case did "not 
sufficiently stress the impropriety of 
the suggestion that the Board take 
steps to terminate the hearing within 
one month.” 

He added that any attempts to cut 
short the cross-examination by the 
Board's Bureau of Air Operations 
would "possibly be illegal and . . . would 
jeopardize the independent status of 
our staff which the Board must always 
jealously guard." 

Purpose of the General Passenger 
Fare Investigation is not to determine 
finally whether fares should go up or 
down. The CAB is seeking to set 
"standards” on which a future fare level 
can be based for long-term operations. 
It has been a lack of such standards 
that has evoked congressional criticism 
of past practices in rate setting. 

And it has been the standards issue 
that has prolonged the hearings in the 
investigation thus far. The CAB has 
charged its staff with setting these 
standards as the only means by which a 
logical fare level can be reached. The 
airlines, however, fear that a wrong 
interpretation or application of the 
proposed standards can further tighten 
regulatory restrictions on their opera- 

As a result, both the Bureau of Air 
Operations and the 1 2 trunklines have 
taken almost inflexible positions on 
the proposed standards so that testi- 
mony gathered to date in the hearings 
cover a detailed compilation of widely 
varying opinions of the parties involved. 

fCcv issues involved in the determina- 
tion of standards are: 

• Load factors and their relationship to 
rates of return. 

• Income tax allowances. 

• Depreciation and residual value of air- 

• Rate of return. 

To illustrate the complexities in- 
volved in setting standards on these is- 
sues, staff members are attempting to 
determine, for example, whether rate 
of return should be based on all airline 
earnings collectively or on the results 


Petition Reaction Divided 

to a finish by June failed to win the undivided support of the airline industry. 

Of the 12 domestic trunklines involved in the investigation, only Continental, 
Eastern and Western filed supporting letters. Five carriers remained silent on the 
issue while United, TWA and Braniff opposed the American motion. 

in the case and suggested that the record be certified directly to the Board for final 
decision. 

On this point, Braniff said that "in a case as complex as this, an initial decision 
should be rendered by one person, i.c. the examiner, who has heard all the evidence 
and who has the greatest familiarity with the record." 

United agreed with American that the case should be given priority treatment 
but added that expedition of the ease should not "be accomplished by emasculation 
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of each individual airline. Such meas- 
ures as striking an average on all car- 
riers except those with extremely high 
rates of return and those with very low 
rates of return have been considered as 
a method of establishing a criterion for 
the industry. 

A completely revised fare structure 
legally cannot be included in the pres- 
ent General Passenger Fare Investiga- 
tion. A move to change the present 
fare structure would require another 
formal proceeding which, according to 


the estimates of one staff member, 
might last as long as five years. An- 
other possible method would be 
through a series of informal conferences 
with the airline. 

The staff could recommend a taper- 
ing fare in the present investigation 
which would, in effect, create a major 
adjustment in the fare structure. For 
example, in the most recent fare ad- 
justment, SL00 was added to the rate 
between all points. This had the effect 
of increasing rates on hauls of 200 miles 


by one-half of one cent per mile and by 
one tenth of one cent on trips of 1,000 
mi., slightly tapering the fare base. 

But most observers feel that a 
straight across-thc-board revision of 
fares will result from the present in- 
vestigation. Other possibilities include 
an adjustment of fares according to 
geographic areas, elimination of the 
roundtrip discount or a widening of 
the spread between first-class and coach 
fares as a means of increasing rates 
without discouraging traffic growth. 


American Replies to Load Factor Charge 


By Robert It. Cook 

Washington— American Airlines has 
termed as "totally unrealistic" Civil 
Aeronautics Board charges that the air- 
line can restore its 1953-56 average sys- 
tem load factor by control over flight 
schedules. 

Testifying for American in the Gen- 
eral Pasesnger Fare Investigation, Mel- 
vin Brenner, assistant director of sched- 
ule planning and forecasting, said the 
airline’s present load factor is lower 
than the earlier average primarily be- 
cause its load factor during the 1953-56 
period was “abnormally" high due to 
a lack of equipment and a lower level 
of competition. 

The Bureau of Air Operations has 
filed an exhibit indicating that Ameri- 
can has experienced an increasing traf- 
fic density that should make it possible 
to control load factors and hold them 
at previously experienced levels. 

Questioning the bureau's interpre- 
tation of "traffic density,” Brenner 
countered that ratios that were offered 
as a yardstick of airline load factor 
progress are both inaccurate and "sta- 
tistically over-simplified.” 

Past Analysis 

Brenner said an analysis of past fig- 
ures shows that many of American's 
individual schedules that were formerly 
considered excellent from a sales and 
load factor sfandpoint of 1953-56 have 
now dropped to the “very good" or 
"good” category. While such a change 
docs not warrant a schedule cut, he said, 
it docs fail to offset losses on many of 
the airline's less favorable schedules. 
Even the less productive schedules pose 
a substantial problem since any move to 
curtail or eliminate them often poses 
a threat to public service. 

Pointing out that American is not 
totally unable to influence load factors 
through scheduling action, Brenner said 
the airline continuously adjusts sched- 
ules in an effort to improve load factors, 
but, at the same time, must guard 
against any sacrifices in public service 
or competitive effectiveness. 


Brenner cited several cases where 
American’s load factors on major route 
segments suffered between March, 1956 
and March, 1957. Hie period was 
chosen because it maintained a load 
factor close to the airline’s average for 
1956 and the 1953-56 period used by 
bureau counsel. 

In this period, American's load factor 
declined from a high of 68.1% to a 
low of 63.1% as a result of “general 
slippage” from high to moderate load 
factor ranges and moderate to low 
ranges. 

Capital Competition 

As a case in point, Brenner cited 
Capital Airlines' competition with 
Viscount service which was inaugurated 
between these same months on these 
routes with the indicated load factor 
reductions: New York-Chicago. down 
from 67.1% to 53.7%: New York- 
Detroit. down from 70.6% to 52.6%; 
Buffalo-Detroit, down from 63.6% to 
54.8%: Rochestcr-Dctroit, down from 
67.2% to 61.9%. 

Brenner told the bureau that Ameri- 
can attempted to sustain its load fac- 
tors by curtailing service but was 
unsuccessful. In the New York-Detroit 
market, American dropped two round- 
trips in the face of eight and a half 
roundtrips by Capital. -Rather than 
strengthening American's load factor, 
he said it had a reverse effect, with the 
loss of 84 one-way jjassengers and a 
weakening of load factors on all of the 
remaining flights. 

Capital's influence in the Washing- 
ton-Chicago market had an even more 
telling effect, he said, with American 
cutting its service from five roundtrips 
in July, 1955, to only two by April, 
1957. The previous month, the air- 
lines had a pattern of two and a half 
dailv roundtrips on this segment with 
a load factor of 40%. Yet, despite a 
normal market growth over a two year 
period plus a cut m schedules, Ameri- 
can's load factor for the remaining two 
flights, during the months of July and 
August, 1957, was only 41%. 

“There could scarcely be a more 


graphic demonstration of my point," 
Brenner said. "WTierc a rounded pat- 
tern of competitive service is available. 

load factor by curtailing its own pat- 
tern, since that merely drives its 
former passengers to the competitor's 
flights.” 

Traffic Density 

Brenner also criticized the bureau’s 
use of "traffic density” as a means of 
controlling load factors. 

He said the four ratios used by the 
bureau— passenger-miles per route, rev- 
enue ton-miles per route-mile, passen- 
ger-miles per station and revenue 
ton-miles per station-arc largely "dupli- 
cative." In particular, he took issue 
with the bureau’s reliance upon certifi- 
cated route mileage as a measure of a 

Explaining that scat-mile capacity of 
any carrier is determined by many fac- 
tors, Brenner said that changes in a 
carrier’s operational system frequently 
have little or no bearing upon route 
mileage statistics computed by adding 
the point-to-point route segments. As 
examples, he recalled the removal of 
restrictions in the consolidation of 
Eastern's New York-Washington and 
Washington-St. Louis routes that per- 
mitted several new nonstop services, in- 
cluding New York-St. Louis. 

The addition of only 185 mi. to 
the National Airlines system, between 
New York and Boston, made possible 
nonstop operation on the 1,261 mi. 
Boston-Miami segment. 

Backup Traffic 

Brenner said that a route award, in- 
volving relatively limited mileage, may 
make a much more extensive new serv- 
ice for which authority previously 
existed economically feasible by pro- 
viding "backup" traffic support or bet- 
ter equipment routing. 

Capital benefited this way, Brenner 
said, when its Atlanta-Birmingham ex- 
tension was granted, thus allowing a 
competitively effective routing for op- 
eration of its previously existing New 
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York-Atlanta and New York-New 
Orleans authority. 

Further attacking the "density" in- 
terpretation. Brenner cited American’s 
78% load factor on a one daily non- 
stop round trip schedule in March 
1956 between Cleveland and St. Louis. 
The following year, lie said a second 
round trip was added, resulting in a 
load factor of only 60% for the two 
trips. Passenger-miles offered on the 
segment had increased by 60%, which 
could be interpreted bv the bureau 
as an increase in density and ability 
to sustain higher load factors. Brenner 
asserted, however, that the "so called 
density” resulted only from an increase 
in traffic due to additional capacity 
on the segment. The attendant drop 
in load factor was not an isolated case, 
he said, but is typical of what befell 
all of the airline's segments that for- 
merly had a load factor of better than 
75% in March. 1956. These segments 
accounted for 95 million passenger- 
miles and 1 17 seat-miles with an average 
load factor of 81%. 

By March, 1957, with scat-miles on 
these segments up 50% and passenger 
miles up 20%, •Brenner said the aver- 
age load factor for this group had de- 
clined to 74%. 

"Thus we come to the sheer, ines- 
capable lack of validity involved in 
this approach to load factor analysis," 
lie said. "We end up with the ob- 
viously absurd result that, if a carrier 
deliberately set out to over schedule 
its routes’ for competitive advantage, 
the resulting increase in its svsteni 
traffic would show up, by the bureau's 
methods, as an increase in traffic den- 
sity and therefore an ability to obtain 
higher load factors.” 

Braniff. Continental 
Report 1957 Revenues 

Washington-Both Braniff Airways 
and Continental Airlines reported last 
week that operating revenues hit an all- 
time high in 1957. 

Braniff set a new record with $62,- 
SS7,000, reflecting heavy gains in all 
traffic categories. The airline carried 
2.038,656 passengers and operated 956,- 
964,000 revenue passenger-miles during 
the year. Net operating income, before 
non-operating charges and income taxes, 
increased 6.7 % over 1956 to $4,447- 
4S9. 

Net earnings were $1,727,097, a 
drop of 8.4% below that of 1956. Total 
operating expenses increased more than 
20% in 1957 with a figure of $58,439.- 
982 as compared to $48,267,485 for 
the previous year. 

Continental reported a 25% increase 
in operating revenues with $23,272,520 
as compared with $18,548,127 for 1956. 
Passenger revenue increased 31% to 


$21,373,973 as compared with the 1956 
level of $16,279,033. 

Operating expenses for the year 
reached a new record of $22,567,223, a 
gain of 30% over the 1956 level of 
$17,325,233. 

Net operating income for the airline 
was $696,297 as compared with $1,222,- 
894 for 1956. The figure reflects the 
cost of integrating four new DC-7Bs 
into the Continental fleet. 

Creatcr interest expenses and lesser 
profit on the retirement of property 
and equipment reduced the airline’s 
final net income to $96,073. 

Riddle Asks Subsidy; 
Needed for ‘Survival’ 

Miami— Riddle Airlines Inc., last 
week asked Civil Aeronautics Board for 
an increase in mail pay to subsidize its 
“strenuous efforts to ride out the pres- 
ent storm." The all-cargo carrier said 
its request was "a question of survival.” 

Riddle is the first cargo airline to 
apply for subsidy. 

Riddle's application said that after 
1 1 years of service without financial aid 
from the government, the airline had 
reached a point where it must bring 
its problems before CAB. It asked ex- 
emption from a certificate limitation to 
a service (non-subsidy) mail rate for a 
temporary period "until present de- 
pressed economic conditions” have im- 

The application referred to "the 
harsh facts of Riddle's situation." 

• Traffic for December, January and 
February was down 18.6% from the 
same period of 1956-57. Southbound 
traffic, the carrier's highest-vield busi- 
ness, was off 24.1% and the largest sin- 
gle market. New York-Miami, showed 

a -til. I-.; drop this winter over last. 

• Decline was out of Riddle's control, 
being due primarily to the economic 
recession and aggravated bv a poor 
Florida season (AW March 24, p. 31). 

• Riddle lacks funds "to survive a na- 
tional crisis." Preliminary figures show 
an operating loss of $285,000 in Janu- 
ary, $235,000 in February. Losses in 
the past have been met by acquisition 
of new capital, but no new sources are 
available. Arthur Vining Davis, "a prin- 
cipal source of funds in the past,” has 
decided he will put no additional cap- 
ital into the company. During the last 
fiscal year he advanced more than $2 
million. (Davis is majority stockholder 
in the airline.) 

• Air Force will institute a completely 
new Logair setup when present contracts 
expire in June. Riddle's contract with 
the military cargo airlift accounted for 
553,200 mi. of operation in February, 
whereas common carriage mileage 
amounted to only 396,595. 

• In view of the uncertain situation. 


no meaningful estimate of the coming 
year’s operations can be made. The 
carrier recently got $1.5 million as a 
second mortgage on its propertv an,! 
has sold a DC-4 for $240,000. 

Without government help, the appli- 
cation avers. Riddle cannot continue to 
operate. 

Airport Aid Program 
Gets Record Outlay 

Washington— Commerce Department 
has earmarked a record $63.5 million 
for construction and improvement 
projects at 358 airports under the Fiscal 
1959 Federal Aid Airport Program. 

Total expenditures, largest annual 
allocation in the four-year federal aid 
program which began in 1955, will be 
matched on a 50-50 basis by local pro- 

The program, administered by the 
Civil Aeronautics Administration, is 
the final phase of the program of con- 
tract authority approved by Congress 
in 1955. Of the total amount. $60.5 
million will be spent on 341 airports 
within the U.S. with the balance going 
for airports in U. S. territories. 

Airports receiving more than SI mil- 
lion in aid arc: Los Angeles Interna- 
tional, Oakland International. San 
Francisco International, Miami Inter- 
national, Atlanta Municipal, Chicago 
O’Hare. New Orleans Moisant Interna- 
tional. Detroit-Metropolitan Wayne 
County, New York International, New 
York LaGuardia, Philadelphia Interna- 
tional. Greater Pittsburgh, and Houston 
International. 


Four Routes Awarded 
In Great Lakes Case 

Washington— Civil Aeronautics Board 
last week announced the award of four 
new routes from the Great Lakes re- 
gion to Florida in the Great Lakes 
Southeast Service Case. The Board 
named the following airlines to serve 
the routes involved in the case: 

• Northwest Airlines to operate a route 
from Chicago to Florida in addition to 
the service now provided bv Eastern 
and Delta. 

• Delta Air Lines to operate a Detroit- 
Florida route through an extension of 
its Florida-Cincinnati route northward. 
Eastern also serves this route. 

• Trans-World Airlines to operate a 
route from St. Louis to Florida in addi- 
tion to the service now provided bv 
Eastern. Vice Chairman Chan Curnev 
dissented in the TWA award. 

• Capital Airlines to operate a route 
from Buffalo, Cleveland and Pittsburg!', 
to Florida. No carrier serves this route 
at present. Gurney' also dissented on 
this decision. 
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First Details of McDonnell Utility Jet 

Washington— First detailed perform- 
ance specifications on McDonnell Air- 
craft's new UCX 10-passenger four-jet 
executive utilitv transport, powered bv 
either General Electric J85 or Fairchild 
JS3 engines, point to a 45,000 ft. maxi- 
mum cruise altitude, range (with re- 
serve) in excess of 2.000 mi., and a top 
speed of Mach .79, which would put 
airplane in 500 mph.-plus category. 

Prototype UCX. which would feature 
pressurization and all-weather capability, 
is yet to fly. Airplane is in running for 
USA !■ contract for a high-priority pas- 
senger and cargo hauling aircraft. It 
will probably be made available to 
civilian executive transport market. 

Both JS5 and J83 turbojets arc rated 
at 2,000 lb. thrust at sea level. Perform- 
ance estimates show J83 configuration 
generating highest speeds, less fuel 
weight for both normal and extended 
range missions. 

Airplane incorporates low, swept- 
wing design, with four separate under- 
v.ing nacelles in forward position. Wing 
span is 57 ft,, length 66 ft., height 24 ft. 

For ease of handling, airplane utilizes 
boost control. Lateral control is pro- 
vided through small outboard ailerons, 
used in conjunction with upper surface 
spoilers from a point near aileron root 
to the inner nacelle. Spoilers arc located 
in region of rear spar. No leading edge 
slats are included. 

Lift components for UCX embrace 
Fowler flaps outboard and split flaps 
inboard. Spoiler lateral control with 
small tip aileron permits use of more of 
wing span for flaps. Airplane apparently 
uses spoilers as drag brakes in landing. 

Normal fuel capacity is 1,880 gal., for 
range of 1,500 nautical mi. For addi- 
tional range, fuel capacity can be in- 
creased to 2,500 gal. by addition of 
620 gal. in wing center section. 

Maximum fuel capacity is 3.09S gal. 

This with additional 598 gal. external 
belly tank under wing at centerline for 
J83 model. Larger tank— about 1,100 
gal.— is required for JS5 model. Re- 
fueling is ovcr-thc-wing from two points, 
one per side. 

For navigation, McDonnell jet spe- 
cifies large-dish antenna— presumably 
one for AN APN-59 radar unit. 

Normal cabin volume in the UCX is 
685 cu. ft. Cargo capability is 9,000 
lb. Airplane’s cabin baggage compart- 
ment runs 30 by 52 in. Additional bag- 
gage can be stowed under electronic 
racks forward of main cabin. Wardrobe- 
space measures 30 by 41 in. Galley 
space is 30 by 52 in.: lavatory, 30 by 36. 

Cost per nautical mile, computed by 
McDonnell rules for 1.500 nautical-mi. 
range and 200 lir./yr. utilization for J85 
engine, would run about $1.01. 
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SHORTLINES 


AIRLINE OBSERVER 

► Watch for Air Line Pilots Assn, to reaffirm its stand to American Airlines 
that no jet transports will be flown by ALPA pilots unless three pilot crew 
members are assigned to each aircraft with or without flight engineers. 
ALPA will restate its position as a result of a five-year contract signed by 
American Airlines last week with Flight Engineers' International covering 
turbine aircraft. The engineers’ contract also could result in a pilot strike 
date against American. American pilots have been anxious to set a strike 
date but have deferred action because of ALPA opposition to an American 
strike at this time. The American agreement with the engineers could 
easily change ALPA's position. However, chances of an early strike arc 
slim since a Presidential fact-finding board would likely intervene to fore- 
stall a stoppage of flight activities. 

► Aeroflot's route expansion program (AW March 24. p. 24) was set back 
onec more when the airline lost a bid to operate Tu-104 jet transports be- 
tween Prague and Damascus. The Soviet-owned airline was refused trausit 
rights through Greece by the Greek government. 

► Rate of increase of domestic trunkline revenue passenger-miles continued 
its steady leveling-off in February to reach an 11.9% increase for the month 
as compared to February. 1957, when a 12.9% increase was recorded. In 
February, 1956, the increase of revenue passenger-miles for the month was 
16.8%. Despite the dismal traffic picture, airline stock prices on the New 
York Stock Exchange remained steady and held close to 1958’s highs. 

► Incompatibility between an anti-hydraulic-fluid paint and a degreasing 
agent is suspected to have been the cause of blistering and corrosion dis- 
covered on the underside of Comet Mark IIs in service with the Roval Air 
Force. There is no evidence of corrosion on Comet aircraft which have 
not been painted. 

► Golden Triangle operations calling for IFR regulations on all airline flights 
over 9,500-ft. on routes between Chicago-Washington-Ncvv York will be 
expanded to cover the triangle routes between Boston-Key West-Chicago 
and on all routes along the West Coast. Air Line Pilots Assn, is now polling 
its board of directors to determine the feasibility of expanding controlled 
airways. Most pilots feel the proposals will receive unanimous support in 
favor of more IFR operations. 

► Russian designer O. K. Antonov has developed a larger version of his 
four-engine An-10 turboprop transport aircraft. The new An-lOA model, 
which is scheduled to flv this year, scats 100 passengers instead of 84 on the 
standard An-10. Additional cabin space was obtained by lengthening the 
An-10 - s fuselage 6.56 ft. and by placing the scats closer together. Mocknp 
of the An-lOA 's fuselage, together with models of all new Antonov planes, 
are being sent to the World’s Fair which opens in Brussels in mid-April. 

► Passenger manifest requirements, which cost international airlines approxi- 
mately SI million annually, arc gradually being eliminated. This year, 15 
European countries have dropped manifest requirements on flights within 
Europe. Spain and Austria have eliminated the manifest entirely and Ireland 
no longer requires it for flights to and from the United Kingdom. In North 
America, neither the U. S. nor Canada rails for manifests on anv flights, 
and several Caribbean area governments are now considering abolition of 
manifest. 

►Civil Aeronautics Board is proposing amendments to civil air regulations 
that will require all aircraft engaged in IFR flight to be equipped with 
electronic radio cominunieation and navigational equipment that has been 
approved by the Civil Aeronautics Administration, meets uniform standards 
of performance and is in proper operating order. Purpose of the proposed 
amendments is to establish minimum standards of performance, mainte- 
nance and repair of electronic equipment on small aircraft in accordance 
with standards now applying to large aircraft. Board suggests some reduc- 
tion in operating temperature requirements for equipment used bv small 
aircraft would be made under the revised ruling. 


► Air Line Pilots Assn, has taken excep- 
tion to Civil Aeronautics Board findings 
as to the probable cause of the crash of 
a Northeast Airlines Douglas DC- 5s at 
New Bedford, Mass., which killed 12 
persons last September. Members of 
ALPA's Accident Investigation Com- 
mittee reported that "erroneous alti- 
tude information" to the pilots of the 
plane was the "primary” cause of the 
crash. CAB said "probable cause of the 
accident was . . . pilot attempted to 
make visual approach bv descending 
prematurely in the approach area with- 
out adherence to the prescribed instru- 
ment landing system procedure dictated 
by existing weather conditions." 

► Canadian Pacific Airlines will ask the 
Canadian Air Transport Board for daily 
service rights between the cast and 
west coasts of Canada as part of its 
proposed transcontinental service. Air- 
line will ask for routes between Toronto 
and Edmonton, stopping at Regina; 
Montreal and Vancouver, stopping at 
Toronto and Winnipeg; Montreal and 
Vancouver, stopping at Ottawa, Saska- 
toon and Calgary; Montreal and Win- 
nipeg, stopping at Ottawa; Montreal 
and Vancouver, stopping at Edmon- 
ton. The airline will use Douglas 
DC-6B aircraft on the new routes. 

► International Air Transport Assn, 
will split its Traffic Conference into 
two separate sessions this year. The 
first meeting will take place in the 
Caribbean beginning May 15 to deal 
with interline traffic handling agree- 
ments, restricted articles and traffic 
documents. The second meeting, to be 
held in the south of France, will con- 
sider all fares and rates and questions 
of major policy. 

► Lufthansa Airlines is scheduled to 
begin nonstop twice weekly Lockheed 
1049-G Constellation service between 
New York and Brussels on April 2nd, 
in time for the Brussels World's Fair. 
In addition to these flights, Lufthansa 
will begin daily Convair 440 service to 
Brussels from Frankfurt, Dusseldorf and 
London on April 1. Total frequency of 
Lufthansa services in and out of Brus- 
sels will be 52 weekly. The German 
airline also will add a new route from 
Hamburg and Frankfurt to Rome effec- 
tive April 2. 

► Mohawk Airlines carried 26,649 pas- 
sengers in February, a 1.5% decline 
from February, 1957. The airline says 
severe winter weather in the first two 
months of 1958 cost the local carrier 
approximately 5200,000 in passenger 
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Friendly Foe 


air defense missile is produced, its “kill 
is theoretical until it is tested against a 
target under operational conditions. The new, 
lie missile target, USAF XQ-4, is one of many 
friendly foes" developed by Radioplane to simulate 
i air enemy threats. 


r advancements have been made in U. S. Armed 
lir defense weapon systems. Radioplane has 
I and developed targets compatible with the 
; of these weapons. The XQ-4, for example, not 
imitates invading bombers, but tallies up the score 
hits and misses when fired upon. 


the first to produce remotely controlled 
rt, maintains dynamic research programs to 
low-cost solutions for tomorrow's defense problems. 
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ANY TIME, ANYWHERE, ANY WEATHER 


One look and the pilot KNOWS. At a glance, he 
reads actual ground speed and drift angle, displayed 
on his flight panel — automatically, accurately, and 
continuously. 

How? Through the famous RADAN* family of 
self-contained GPL Doppler auto-navigators, recently 
released for civilian use. 

For civilian aircraft, RADAN systems mean pin- 
point navigation, reliability, savings in precious time 
and fuel, a priceless margin of safety. In its wide and 
growing applications for the military, RADAN pro- 
vides all these, and continuous velocity data as well. 


GPL systems have behind them many millions of 
operational miles in transcontinental, oceanic and 
polar flight. RADAN systems herald a new era of 
faster, safer, more economical civilian flight. 

RADAN is ready and available now to everyone. 



36 


GENERAL PRECISION LABORATORY INCORPORATED, Pleasantville, N. Y. 


Air-Ground Telephone 

Northwest Orient Airlines, pleased 
with results ot its trial air-ground tele- 
phone installation, put the sen-ice in on 
a flectwide basis. Tire airline installed 
its first unit in a Boeing Stratocruiscr 

the stewardess panel in the rear of the 
Stratocruiscr's main cabin. Passengers pay 
about $1.50, plus regular surface rates, 
for a call and use credit cards or reverse 
charges. Calls can be made to any point 
in the U. S. as long as the plane is 
within 175 miles of ground radio facili- 
ties at Chicago and Detroit. 


Wing Assembly Set 
For 880 Jetliner 

San Diego— Target date for major 
assembly of the Convair S80 jet trans- 
port has been set for April 10. 

Additional aircraft assemblies will 
be started at three week intervals dur- 
ing the initial build-up with production 
eventually to be programmed at sis 
airplanes per month! 

Construction of the 880 will begin 
with the wing and proceed without 
the conventional "major-mating" of 
wing to fuselage. Wings are assembled 
in six large fixtures— sufficient for build- 
ing three sets simultaneously. 

After assembly, the wings of air- 
plane No. 1 will be cured-two halves 
at a time-on June 19 in a Scotchweld 
oven to create leak-proof, integral fuel 
tanks. 

Tire two wing halves will then be 
brought together by means of a center 
tie box. and an over-wing barrel and 
under-wing canoe will be attached. 
Successive sections of the fuselage will 
be mated as the wing moves down the 
assembly line. First flight of the 880 is 
now scheduled for early 1959. 

Airport TV Circuit 
Posts Flight Data 

Kansas City, Mo.— Closed-circuit tele- 
vision system to distribute schedule in- 
formation through the passenger ter- 
minal here has been installed by Trans 
World Airlines. 

Fourteen RCA Victor television re- 
ceivers, from 14 to 24 in. in screen 
size, are linked to TWA’s operations 
office and located at various points on 
the airport premises. Master board with 
flight data is picked up by the camera. 
The receivers are spotted at informa- 
tion booth, reservations room, ticket 
counters, flight dispatch office, mainte- 
nance foreman's office, commissary, ex- 
ecutive office, and ramp office. 

System cost 511,000 to install. 



AND DEFUELING 


Weight saving and simplification of fueling operations are achieved through 
use of FRI GA-2 Adapter. This Adapter eliminates need for additional fuel- 
ing points and associated plumbing by providing fast, efficient fueling and 
defueling through the aerial refueling probe on military aircraft. The GA-2 
Adapter fits on existing MA-2 fueling nozzles and gives positive check on 
the operational status of aerial refueling receiver system during ground fuel- 
ing thus eliminating need of separate check equipment. 

Designed and produced by Flight Refueling. Inc., these components are 
flight-proved for production installations. FRI components simplify assembly 
and increase system flexibility. 


Also Available: 



For specialized fuel system components to your specifications, contact 
Flight Refueling, Inc. Many production items immediately available. 
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DESIGN... . for Jets and Missiles 


PART: Exhaust casing. 

CUSTOMER: General Electric (T 58 turboshaft engine) 
MATERIAL: A -286, with stainless steel components. 

TOLERANCES: .010 maximum gap on mating sheet 
metal parts prior to welding. 

ADHERE TO: MIL 5923 

MADE BY: THE BUDD COMPANY, Defense Division 



Here is an example of an intricately welded 
and closely toleranced sheet metal assembly 
reflecting The Budd Company’s engineering 
and manufacturing facilities. These 
facilities, used by jet engine and aircraft 
manufacturers since 1942, now 
stand ready to assist the minds 
and the men who are making to- 
day’s missiles. 


// 






Third stage rocket is lowered into place, supported by sling (left and center). At right, engineers install spider guide on top of the 
third stage rocket. Spider guide is designed to steady the rocket unit so that separation from vehicle is straight and accurate. 



Technicians Ready Vanguard 
To Place Satellite in Orbit 


Switch on side of Vanguard test satellite is turned to "on" position (below). The satellite’s 
radio transmitter is now ready to broadcast its signal during orbit. 


Test sphere is positioned in vehicle; nose 
cone will be mounted next. 


Vanguard nose cone is lowered into position (left), and inspected (center) by technicians. Nose cone is made of plastic phenolic; it 
streamlines vehicle and insulates sphere from heat. At right the gantry' crane moves back and the satellite vehicle is cleared for firing. 
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Atlas Range Boosted, Weight Cut 
By Use of Titanium Alloy Sphere 


Use of titanium alloy in the fabrica- 
tion of spherical helium storage bottles 


than 700 lb. in structural weight and 
adds similar number of miles to mis- 

‘''xifXv (90® titanium. 6® .loiji- 



the helium used to pressurize the pro- 
pellants. Number of tanks used in each 
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Contributing to superb performance . . . engineered and built by Chandler-Evans 
are the main fuel pumps for Boeing’s KC-135 Stratotanker and the afterburner fuel 
controls for McDonnell’s F-101A Voodoo. Both the Stratotanker and the Voodoo are 
powered by Pratt & Whitney Aircraft turbojet engines. 

Products, too, are “known by the company they keep”, and CECO is proud to be air- 
borne with an array of important missiles as well as with many of the latest and 
finest military and commercial aircraft. 



Typical CECO fuel system components: 
The AR-7 Afterburner Fuel Control is a 
by-pass type regulator operating on a 
constant metering head across a vari- 
able orifice. Model 9400 Fuel Pump is a 
two-stage, gear-type pump. 


CHANDLER-EVANS . WEST HARTFORD 1, CONNECTICUT 

Interesting, informative literature on many CECO products is 
yours for the asking. Please address your request to Department 28. SYSTEMS f CONTROLS 


Satellite Comparison 

VANGUARD EXPLORER 1 SPUTNIK I 


eluding final stage 



Initial perigee ..... . 407 mi. 


TO.8 lb. 
114 min. 
1,600 mi. 
220 mi. 
Several years 


“ Final stage rocket case may i 


t be included. 


184 lb.” 
96.2 min. 
560 mi. 



SPUTNIK II 


1,120 lb.” 
103 min. 
1,056 mi. 
150 mi. 


ICBM Effectiveness 
Depends on Support 

Los Angeles— USAF’s ballistic mis- 
siles are more dependent upon logistic 
support than any weapons ever devel- 
oped, Maj. Gen. Ben I. Funk, chief of 
Air Materiel Command Ballistic Mis- 
siles Office, told San Fernando Valley 
Chambers of Commerce. 

Gen. Funk attributed this depend- 
ence to the reduced warning time in- 
herent in missile warfare and extreme 
reliability demanded by loss of human 
control at the moment of firing. Im- 
mobility of the big missiles calls for 
new concepts of supply and servicing. 
Third determinant of missile logistics 
is the greatly increased ratio of ground 
support equipment to actual missiles. 
He said that about 80% of total main- 
tenance effort will be expended in 
ground support equipment. Ten Atlas 
ICBMs at a launching site will account 
for less than 20% of the total site cost 
and spare parts will be less than 10%. 

Electronic data processing equip- 
ment and teletype and transceiver com- 
munication nets arc vital to control the 
vast logistics enterprise. Major unit of 
the entire system is a big computer op- 
erated by the Ballistic Missiles Group 
and located at San Bernardino. Calif., 
which will be linked by the logistics 
communication network to missile 
squadrons, weapon storage sites and 
contractors. All transactions will flow 
through this system. Computer is ex- 
pected to be operating this fall. 

Gen. Funk emphasized the role of 
small business and subcontracting in 
missile development and production. 
He pointed out that of more than SI 
billion paid to ballistic missile prime 
contractors, S267 million or almost 
21% was passed on to small business 
subcontractors. The overall national 
figure for small business subcontracting 
participation is 22%. The ballistic mis- 
sile business figure is expected to rise 
as progress from development into pro- 
duction continues. Almost 50% of 
money spent on Atlas and 40% on 
Titan has gone to subcontractors. 

Rockctdync reports that S40 million 


or nearly 18% of the amount of the 
prime contracts for Atlas and Thor 
engines went to first tier subcontrac- 
tors. Of this, SI 3 million was passed 
on to second, third and fourth tier con- 
cerns. Businesses employing less than 
50 people received 39% of the total, 
22% went to companies employing 50- 
100 people and 3% went to those em- 
ploying 200-500 people. Rockctdync 
has a total of 4.0S4 small business sub- 
contractors. 

Douglas Aircraft reports that over 
23% of the amount of the Thor con- 
tract went to small subcontractors. 

Funk also announced establishment 
of a small business office to guide small 
firms in their dealings with prime con- 



'iCanb of the Queen 



DC-6B Speed and Luxury will be available 
between Europe and East African cities 
in mid-1958. Ethiopia, Land of Sheba, 
rich in antiquity but with modern com- 
forts, offers an exotic never-to-be-forgotten 
holiday. 
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ETHIOPIAN A IRLINES 


THERE’S NO 
SUBSTITUTE FOR 
DEPENDABILITY. 



DARNELL 



45 


AVIATION WEEK, 


31, 1958 



Electra’s Goal Is Short-Medium Market 


By Irving Stone 

Burbank— Lockheed Aircraft Corp. is 
relying on its Electra transport's com- 
bination of turbojet engine and pro- 
peller to better the economics of the 
U. S. air travel segments which carry 
about 75% of airline traffic— the short 
to medium range runs. 

To meet this key role in airline 
transportation the Electra propjet, 
now test-flying and scheduled for initial 
delivery to Eastern Air Lines in Septem- 
ber, is designed particularly for: 

• Workhorse service in a many-flights- 
per-dav routine, backed by an over-400- 
mph .-cruise capability. 

• Low initial and operating costs. 

• Fast servicing and maintenance, 
prime factors in keeping plane flying 
and in slicing turnaround time. 

• Superior closc-to-ground flight char- 


acteristics and ramp maneuverability. 
• Basic simplicity coupled with high 
reliability. 

Setting its design sights to hit bull's- 
eye values in all these and supporting 
categories, Lockheed engineers have 
chalked up more painstaking detail 
analysis and test in the evolution of 
the Electra than with any other Lock- 
heed transport. 

Traffic Analysis 

When the up-coming jet transport 
era began to take shape, extensive 
analysis by Lockheed showed that 75% 
of the air-traveling public was "com- 
muter" types in the short to medium 
range category. This was a big seg- 
ment of the market and Lockheed de- 
signed for it. General concepts began 
to jell in late 1954. Firming of de- 
sign was prompted in large measure by 


American Airlines’ design competition 
for a short to medium range plane. 
American made it clear in mission de- 
scription that the plane would have to 
go “into the bushes"— to small towns 
with relatively short-runway airports. 
Another consideration was that the ve- 
hicle would have to operate with a low 
load factor-40% to 50%— and make 
money or at least break even. Com- 
bined with this was the attainment of 
block-to-block speeds in the general 
area that the public had been led to 
believe would be available in this next 
round of commercial transports. 

For its broad target, Lockheed 
picked an over-400-mph. cruise speed. 
Supplementing this, it was clear that 
the plane would require rapid accelera- 
tion and deceleration, good low-speed 
maneuverability, short takeoff and land- 
ing runs, minimum stopover and turn- 
around time. ■ 

Analysis of these requirements, in 
conjunction with a study encompassing 
the entire family of jet-type engines 
and large and small aircraft, prompted 
selection of the propjet powerplant. 
Lockheed believed that this engine pos- 
sessed favorable operating characteris- 
tics on the ground and near the ground, 
together with a more-than-rcasonable 
cruise speed, considering that the plane 
would spend a relatively small portion 
of its operating life at cruise. Propjet 
also was pinpointed because of its high 
takeoff thrust, high approach and land- 
ing drag, and relatively low specific 
fuel consumption. In" the short-to- 
medium haul, Lockheed engineers de- 
termined that flight would frequently 
be between 5,000 and 15,000 ft. and 
in this regime the propjet demonstrates 
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ARMING AND FUZING SY 

With reliability i 
meats to 99.998%, Honey- 
well’s advances in testing 
techniques and statistical . 



Mow 

many 
brains 
make a 
missile? 


Control systems are the brains that guide, 
control and explode missiles. Honeywell can 
build any of these integrated control 
systems or sub-systems. 


Honeywell is now developing and producing 
systems, sub-systems and components for the following mis- 
siles: Sidewinder, Honest John, Asroc, Corporal, Thor, Red- 
stone, Wagtail, LaCrosse, Sergeant, Little John, Titan, Falcon, 
Vanguard and many classified applications. This broad experi- 
ence in missiles, as well as a solid background in rockets and 
aircraft systems, makes Honeywell the logical company to aid 
you in your airborne control problems. Contact Minneapolis- 
Honeywell, Military Products Group, 2753 Fourth Ave., South, 
Minneapolis 8, Minnesota. 

Honeywell 
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This is why 
HEXCEL stainless steel 
honeycomb saves you 
costly machining time 

Your stainless steel honeycomb 
structures are delivered to production faster 
and precious time is saved when finished 
tolerance limits are met. At Hexcel proven 

thickness tolerance of ± .003' eliminating the 
need for costly machining operations 
prior to bonding or brazing. 

Weld strengths of heat resistant metal 
honeycomb cores are consistently above 
specification because of the electronic control 
system developed exclusively by Hexcel. 

And due to Hexcel's new splicing technique 
stainless steel honeycomb blankets are 
available in any length or width. 

Hexcel's research facilities and engineering 
sales staff are at your immediate service. 
Wire, write or phone Hexcel Products Inc., 
2741 9th Street, Berkeley, California. 
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85-PASSENGER STANDARD INTERIOR-pl u .«.xlo»ni»'*M> 



66 -PASSENGER CUSTOM INTERIOR-piu« itr lounjf mm* 



very economical fuel consumption. 
Also, the propjet would give a higher 
percentage of scheduled completions by 
reason of its economic holding ability, 
in comparison with a pure jet. Lock- 
heed planners reasoned that there is 
no angrier passenger than one who is 
put down at an alternate airport 200 
to 400 mi. away from his destination. 

Powerplant chosen was Allison 
501-D. Question of difficulty with re- 
duction gearing in any propjet engine 
has been raised frequently in the in- 
dustry. Lockheed considers these 
doubts completely unfounded. Essen- 
tially, this gearing is an extension of 
reduction gear experience piled up in 


20 years of operation with piston en- 
gines on the airlines. Only unique fea- 
ture of propjet reduction gearing is its 
greater step-down, but this poses no 
problems, Lockheed engineers say. 
Economy Goal 

Lockheed’s target was to achieve 
lowest cost per scat-mile in the short- 
to-medium haul category, roughly ap- 
proximating 150 to 500 mi. General 
approach was to keep size and weight 
of plane as low as possible. 

After considerable discussion with 
airlines on requirements to meet de- 
mands of the short to medium haul, 
Lockheed established a 66-passenger 


custom (first class) configuration, and 
an 85-90 passenger (standard) layout. 
Relatively short (104.6 ft.) fuselage 
length accommodates IS rows of scats 
bv location of pressure bulkhead fur- 
ther aft and carrying full width of 
cabin farther forward. 

Long experience showed Lockheed 
that the mid-diameter of its Constella- 
tion transport was optimum for comfort- 
able four or five abreast accommodation. 
Four abreast would be considered lux- 
ury accommodations; five abreast scat 
dimensions would have to be roughly 
equivalent to those in present short-haul 
twin-engine transports. 

Electra cabin body was thus dc- 



TAKEOFF field length for standard day (CAR compliance) is 4,190 ft. for 100,700 lb. takeol 
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Producible Systems 


... at Arma they are a result of creative designing 
and intelligent engineering that is geared to 
efficient manufacturing based on assembly-line 
techniques, interchangeable parts, and unit 
replacement components. 

If you are interested, contact ARMA, 
designers and builders of inertial 
navigation equipment, flight control 
systems, computers, automatic gun 
directors, and the like for today’s 
supersonic aircraft and missiles. 

ARMA . . . Garden City, N. Y. 

A division of American 
Bosch Arma Corporation. 


Mtmt/CMV BOSCM Mt/tw/t conpoaxino/v 




VISIBILITY is good in Elcctra cockpit, which has thrcc-abrcast seating. Flight station has 


signed with a constant inside diameter 
of 128 in. to meet these two categories 
of travel. Lockheed planners also have 
found that the Electra fuselage diam- 
eter will fit "thrift class’’ seating of six 
abreast, although this category was not 
contemplated when the fuselage di- 
ameter was fixed. Thrift class service 
on the Elcctra probably would get its 
initial impetus in Europe. Passengers 
arriving at European gateways on turbo- 
jets via the North Atlantic run would 
board the Lockheed propjet for thrift 
class transportation to other European 
points. Lockheed believes that the 
Electra cabin can be exploited to ac- 
commodate 99 to 120 passengers, de- 
pending on internal arrangements 
preferred by the customer. 

Small Wing 

For minimization of bulk to match 
the medium-to-short range mission, 
Lockheed has come up with a small 
wing specifically tailored for minimum 
drag. This low aspect ratio configura- 
tion with its wide chord results in a 
good spar depth and lightweight struc- 

Use of the propjet engines also con- 
tributes to low weight. Allison 501-D13 
weighs about 1,750 lb. compared with 
more than 3.500 lb. for the turbo- 
compound used in Lockheed’s Super 
Constellations and Douglas DC-7s. 
Also, the Allison propjet gives about 
4 hp./psi. of frontal area while current 
piston types run about 1 1 hp./psi. of 
frontal area. 

With minimum bulk, light engines 
and overall refinements for weight sav- 
ing, Electra has emerged with an 


empty weight of 56,000 lb. against a 
gross takeoff weight of 113,000 lb. This 
results in a 2:1 ratio, considered a major 
achievement. 

Electra is designed with a high struc- 
turally limited landing gross weight— 
95,650 lb. This is considerably more 
than the normal operating landing 
weight, which will usually be about 
85,000 lb., and will make it possible 
to carry into most airports a large quan- 
tity of extra fuel in excess of reserve 
fuel. This would eliminate necessity 
for frequent refueling, additional 
ground time, excessive equipment use 
and more ground personnel. 

Factor that Lockheed stressed for 
operating economy is provision for high 
forward speed during descent. This 
necessitated stronger wing section but 
paid off in reduction of flight time in 
route segments. This reduced time is 
directly translated into lower costs as- 
sociated with hours in the air. 

Lockheed engineers realize that the 
Electra will spend much of its time in 
operations relatively close to the 
ground, such as circling before landing 
or following takeoff, because of the 
large number of hops it will make in an 
average day in the short-to-medium pat- 
tern. Electra is expected to minimize 
this operational phase by being small 
and maneuverable. 

Many takeoffs and landings involve 
much taxiing. However, taxiing time is 
shorter for the Electra because landing 
run is shorter as a result of large pro- 
peller disk area, coupled with stopping 
force stemming from props in ground 
idle position. Reverse thrust is not used 
except for emergency', icy or wet run- 
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FROM THE WORLD LEADER IN JET- 



Local Service Viscount 
for you and the comn 
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Because the Local Service Viscount is tailored for highly 
is sufficient to absorb future growth -it is the ideal airliner 
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Flight Control 
for the ultimate weapon 

Three Honeywell Rate Gyros, Type JRT, provide missiles with precise 
three-axis directional stability and are currently being supplied to the 
ATLAS missile program. 

The Type JRT is a highly accurate precision instrument for measure- 
ment of absolute rates of rotation in inertial space. Viscous damping is 
electro-mechanically controlled to maintain a constant damping ratio 
over the entire operating temperature range of — 65°F. to +175°F. 

This new Honeywell Rate Gyro is designed expressly for flight control 
of missiles and flight instrumentation in missiles and aircraft where 
severe ambient conditions prevail . . . and at the same time where low 
threshold, minimum hysteresis, excellent linearity, high natural frequency 
and ruggedness are essential. 

Honeywell inertial components and engineering experience are avail- 
able to assist in the solution of your Gyro system problems. Write for 
Bulletin JRT . . . Minneapolis-Honeywell, Boston Division, Dept. 11 , 
1400 Soldiers Field Road, Boston 35, Mass. 

Honeywell 



wav conditions. Less taxiing and park- 
ing time also results from improved 
muncuvcrabilitv inherent m fast re- 
sponse of engine-propeller combination 
m both acceleration and deceleration. 

only one or two minutes for takeoff and 
landing situations, but multiplied by as 
many as 1 0 or 1 2 hops per day, it adds 
up to a sizable economy, considering 
related factors such as reduced engine 
time, less flight crew time, fuel savings 
and reduced maintenance cost. 

Electra can be operated at various 
altitudes dictated by weather or traffic 
control conditions with small effect on 
flight schedules or operating costs, 
Lockheed says. At 200-mi. flight dis- 
tance, if flight plan altitude is changed 
from 10.000 ft. to 5,000 ft., there is an 
improvement in block time of 1 % and 
the increase in operating costs will be 
about 1%. If it is necessary to fly at 

20.000 ft. instead of 10,000 ft. for a 
200-mi. trip, then block time is reduced 
bv 1 .8% but operating cost is improved 
by 0.3%. 

For 250-mi. flight distance, if flight 
plan is changed from 10,000 ft. to 

5.000 ft. cruise, block time is improved 
by .4% but operating cost is increased 
by 1.6%. If the change for the same 
trip is from 10,000 ft. to 20,000 ft. 
altitude, block time deteriorates by 
1.3% while operating cost is lowered 
by 1.2%. 

Average Flight Distance 

Estimate of flight distance average 
lor Electra U.S. route service will be 
in the neighborhood of 200-250 mi. 
Initially, Electra will be used for some 
of the "blue ribbon” flights, involving 
relatively long distances, so that average 
flight lengths will be high in the early 
years of Electra service. Eventually 
this distance will be reduced toward the 
200-250 mi. flight length as the pure jet 
transports are put into service for 
medium-long range service. 

Direct operating costs calculated by 
Lockheed for standard 85-passcngcr 
Electra. assuming zero wind conditions. 
Hi cents per gallon fuel cost, 15-min. 
maneuver time and using 1955 Air 
Transport Assn, cost method, are 2.5 
cents per seat-mile for 100 mi. flight 
distance, 1.93 cents for 200 mi., 1.72 
cents for 300 mi., 1.57 cents for 400 
mi., 1.5 cents for 500 mi., 1.32 cents 
for 1,000-mi. flight distance. 

Takeoff field length for standard day, 
based on Civil Air Regulations require- 
ments, assuming an engine failure at 
the most critical point in takeoff run 
and propeller automatically feathering., 
is 4,190 ft. for takeoff weight of 
100,700 lb., necessary for 1,000-mi. 
flight. For standard 4-40E hot dav. 
this distance is 5,420 ft. \t maxin 
takeoff weight of 1 1 3,000 lb., standard 
dav and hot day field lengths required 



ENGINE 
COMPONENTS 
by LAVELLE 


From propeller spinners and cuffs, to flame holders, shrouds, 
combustion chambers, liners, exhaust nozzles and tail pipe 
assemblies— major manufacturers rely on Lavelle components 
to meet exacting performance standards required of today’s 
turbo prop and turbo jet powered aircraft. 

Lavelle has the seasoned experience plus advanced facilities 
and skilled personnel to produce the most critical engine, 
missile, airframe and radar components to rigid government 
or commercial specifications ... in stainless steel, titanium, 
aluminum, or heat resistant, high strength nickel alloys. 

Where your performance standards demand dependable delivery 
of precision welded sheet metal components or assemblies at 
reasonable cost . . . see Lavelle for the finest in specialized 
fabricating services. 
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Memo: to missile men looking for dependable components 



TACTAIR 


are 5,470 ft. and 7,550 ft., respectively. 

Climb to 20,000 ft. requires but 23 
min. at maximum gross takeoff, while 
15,000 ft. is reached in 13 min. 

Landing distance at sea level and 
standard temperature, based on CAR 
requirements, including the .6 factor 
and excluding benefits of reversed 
props, is 4,920 ft. at an average land- 
ing weight of 85.000 lb. At maximum 
landing weight of 96,650 lb., this dis- 
tance is increased to 5,400 ft. 

Cost Control Factor 

Cost control, starting right in engi- 
neering, has been much more an im- 
portant factor in Electra design than 
in any other Lockheed project. Price 
of plane is under §2 million generally, 
depending upon extent of customer op- 
tions and quantity ordered. This price 
is considered relatively low in today’s 
market and also because of Electra's 
earning capacity. 

Electra has been planned and tooled 
for 10i per month production rate. 
This tooling approach means that 
fewer manhours and less rework time 
will be used to produce the aircraft. 

Production rate is premised on sale 
of 400 aircraft; to date 144 have been 
sold to 1 1 airlines. Like any other trans- 
port aircraft enterprise, the 400 figure 
is a target fixed at the beginning of the 
program and is the basis for all plan- 
ning, tooling and production line fa- 
cilities. In essence, it is a risk assumed 
by the manufacturer, but it lowers the 
unit cost per plane. 

Tight Scheduling 

Unusually careful detail scheduling 
has been funncled into engineering, 
purchasing and manufacturing to en- 
sure meeting technical and delivery 
commitments. 

On-time delivery is vital because 
receipt of these planes by airlines has 
been timed for phasing into the jet 
transport era to facilitate crew indoc- 
trination and training, and to allow 
airlines which arc also getting the big 
turbojets (such as American Airlines, 
Eastern Air Lines. National Airlines. 
KLM Royal Dutch Airlines) to avoid 
conflicting introduction problems and 
permit them to rack up prior experi- 
ence with the propjet. First flight of 
first Electra was approximately 55 days 
ahead of schedule. 

For additional insurance that there 
will be no delay in deliveries, Lockheed 
is conducting an extensive operational 
“wringout" program. It will have more 
test planes in the Electra program than 
in any of its previous transport devel- 
opments. This will include five Elec- 
tras plus the Elation, a bailed Navy 
Super Constellation with Electra’s Alli- 
son projet propulsion system (AW 
Oct. 14. p. 93), as well as a 1961S Con- 
stellation with Allison propjet engine 


installed in No. 4 position. 

Lockheed has contributed an all-out 
effort to build the highest degree of 
serviceability and maintainability into 
the Electra, proceeding on the premise 
that these factors are among the most 
critical for airline operators. 

Lockheed’s philosophy w-as that serv- 
iceability and maintainability would 
have to be designed into the Electra 
from the start. Company's mainte- 
nance and equipment design staff in- 
cludes former airline engineers who, 
from the beginning of preliminary de- 
sign, virtually looked over the shoulders 
of Lockheed transport designers. 
Coupled with this approach, the main- 


tenance group canvassed a substantial 
cross-section of airlines using a wide 
range of equipment to find out what 
their current problems w r ere. This gave 
a detailed picture of what was to be 
avoided and what was to be stressed 
in the Electra design for serviceability 
and maintainability. 

For another check, before systems 
design was under way, Lockheed’s 
maintenance design group established 
target times for installation and re- 
moval of equipment. These figures 
were circulated and served as ground 
rules for maintenance. As installation 
drawings progressed, they were cheeked 
by the maintenance design group to 


Reliability HISTORY of the H-8 Gyro 



Purpose of Test ! 

To verify computations indicating infinite 
torsion wire life under severe conditions 
of vibration and shock. 

Procedure : 

Modified Moore rotating beam fatigue test, 
using production parts (torsion wire and 
gimbal) simulating fatigue stresses that 
would be encountered in extreme operating 
conditions. 

Fatigue Tests run in air without benefit 
of reduced stress levels afforded by damp- 
ing fluid in a complete gyro assembly. 
Conclusions : 

Experimental verification of computations 
indicate infinite torsion wire life. 
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Military Products Department 

American -S tandard 


100 Morse Street, Norwood, Massachusetts 



estimate if target times would be met. 
This check was further evaluated on 
functional mockups. 

In addition, component and system 
installations for representative and 
critical units are being checked on the 
first production Electra. Changes will 
be successively made and checked out 
on four more Elcctras, after which spe- 
cific target times should be resolved. 
Service, Maintenance Criteria 

Factors established as prime requi- 
sites for maintainability and scrvice- 
abilitv were snnphcitv. reliability, in- 
terchangeabilitv, safety and accessibil- 
ity. Degree of accessibility for all com- 
ponents is based on a system of priority 
related to the degree of servicing an- 
ticipated and component sendee life. 

One of the key observations was that 
too much maintenance on today's air- 
craft had to be performed from inside 
the airplane. To overcome this, design 
for external maintenance was stressed 
using “sendee center concept." which 
provides for concentrated equipment 
grouping easily reached from external 
locations. This allows specialized main- 
tenance personnel to work in concen- 
trated areas on equipment requiring 
their particular skills. 

Trouble-shooting procedures are 
simplified and access is afforded with- 
out removal of paneling or cargo. Elec- 
tra sendee centers include: 

• Hydraulic center, located just aft of 
rear wing-beam, accessible through 
large door in fuselage belly. It contains 
such items as electrically-driven pumps, 
filters, reservoirs, selector valves and 
aileron power booster. Use of electri- 


cally-driven pumps minimizes line 
lengths normally involved when pumps 
are engine-mounted and permits check- 
out of hydraulic system with engines 
inoperative. Manifolds located directly 
in the hydraulic service center arc used 
to plug in components normally line- 
mounted. This minimizes leak po- 
tential. Manifold connections are de- 
signed so that hookups cannot be made 
incorrectly. Manifolding has saved 
considerable weight in comparison 
with line mounting and has eliminated 
19 external connections in one hy- 
draulic installation. 

• Electrical sendee center is located for- 
ward of front wing-beam, in fuselage 
belly. It concentrates in a single area 
such items as the main power distribu- 
tion, generator control equipment, en- 
gine-propeller control equipment. This 
arrangement minimizes lead lengths to 
and from powerplants. Location of 
electrical and hydraulic sendee centers 
on opposite sides of the center section 
wing box puts a maximum distance be- 
tween electrical leads and hydraulic 
fluids with their flammable potential. 

• Air conditioning sendee center, lo- 
cated just fonvard of electrical center, 
also has separate access door and con- 
tains freon system components, air-cvcle 
cooling units, recirculator fan, main 
system filters, cabin duct electric heater 
and electrical control package. 

Other details of Lockheed's emphasis 
on easy maintainability and service- 
ability include these provisions: 

• Radome, retained by four quick-dis- 
connect latches, is hinged at top for 
access to weather radar and associated 
components. With radome open, four 


doors give complete access to cockpit 
controls and back of instrument panel. 

• Package plug-in-type system compo- 
nents have been used wherever pos- 
sible. In some instances, this approach 
will save as much as three hours of 
maintenance time. Lockheed estimates. 
Example is in fuel system, where func- 
tional components such as pumps, 
valves, quantity probes and drip sticks 
are removable from outside of tank 
without necessity of draining fuel. 

• Main and nose landing gear incorpo- 
rate mechanical linkage which physi- 
cally blocks actuation of the retract strut 
to eliminate possibility of inadvertent 
retraction while plane is resting on 
gear. In addition to serving as a safety 
feature, this arrangement saves me- 
chanic’s time involved in installing 
safety pins after each landing. Con- 
sidering that Electra on normal sched- 
ules may make one landing per hour 
average, this saving will cut at least one 
half hour per day in mechanic's time, 
possibly will cut down on number of 
ground crew required. 

• Landing gear axle lias been designed 
with internal threads for mating with 
wheel retaining nut. This eliminates 
possibility of damage to thread as in 
former practice when wheel bearing 
race was scraped across external threads 
in wheel removal. Damage to these 
external threads meant dressing at 
least, and possibly replacement of com- 
plete axle and piston assembly. 

• Nose landing gear scissor is con- 
structed to give free swiveling action 
as soon as towbar is attached. This 
eliminates danger, in former practice, 
of damage to nose wheel if mechanic 
would forget to disconnect scissors. 
Disconnection of towbar automatically 
puts nose gear back in locked position 
for steering. 

• Quick trouble-shooting arrangement 
in anti-icing bleed air system uses a 
single push-to-test check point to deter- 
mine if system leakage is within limits. 
This check can be performed quickly 
at pre-flight and, in combination with 
system valving, indicates general loca- 
tion of excessive leak. 

• Rigging adjustments, except in 
aileron control system, are limited to 
system terminating points. This elimi- 
nates intermediate adjustments with 
attendant possibility of incorrect rig- 
ging. Rigging pins are used at terminal 
points to speed adjustment and elimi- 
nate special rigging templates. Similar 
rigging provisions also apply to engine- 
controls. 

• Safety wire and cotter pins have been 
eliminated wherever possible in favor 
of self-locking nuts and self-locking 
threaded inserts in airframe, equip- 
ment, engines and propeller. This is 
intended to save considerable disas- 
sembly time in maintenance and over- 
haul operations— estimate is that in 
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T-37 
AT WORK 


Side-by-side seating 

in Cessna’s T-37 jet trainer 

fits the new USAF training concept: 

a quicker, easier transition into combat jets! 

Other features— high-altitude performance 

and high to low speeds 

with easy handling. 

USAF saves training time, 
money! 

CESSNA AIRCRAFT CO., WICHITA, KANS. 
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For the pasfctao years all pneumatic pressure vessels used 
in Convair's ATCjWtovc been designed and furnished by 
Airitc Products, Inc. Airite pressure vessels have passed all 
qualification tests. Strength Safety Factors are well above 
requirements. Now in full production on all sizes. 

Characteristics : 
sizes: 15" to 27" Diameter. 

OPERATING RANGE: — 300°F to + 160°F. 

design pressures: Operating 3000 psig. 

Proof 4000 psig. 

Burst 5000 psig. 

(Actual Burst 8000 psig. at — 300°F) 

We invite your inquiries on special designs in stainless steel 
and titanium or other materials, with operating character- 
istics to meet your special requirements. 





Electra Basic Data 

DIMENSIONS, AREAS 


Fuselage length 
Fuselage inside diameter 
Height over tail 
STRUCTURAL DATA 

Takeoff structural design gross weight 
Landing structural design gross weight 
Maximum zero fuel weight 

{In Electros for which additional orders are 
placed, this figure will be raised to 86,000 
lb., providing payload increase of s.040 lb., 
with manufacturer's weight empty increase 
of 50 lb.) 

Limit maneuver load factors 


113,000 lb. 
95,650 lb. 
80,910 lb. 


Design limit level flight speed 


EAS below 8,000 ft.; 
Mach .711 above. 

324 kt. EAS below 12,000 ft.; 
Mach .615 above. 


WEIGHT SUMMARY (85 PASSENGER STANDA 
Weight empty 
Operating equipment (total) 
crew and crew baggage 
passenger and service equipment 
ship's equipment 
system fuel and oil 
consumable oil 
Operating weight 
Payload (total)— (space limit) 
passengers (85) 


Reserve fuel (21 hr.) 

Landing weight (with above reserve) 
Design gross 
ENGINE DATA 
Length 
Width 
Height 
Weight 
Fuel 
Takeoff 

Maximum continuous 
Climb 9496 max. rated temp. 

Cruise 9056 max. rated temp. 


59,338 11 
21,195 II 
14,025 It 
3.400 1) 
3,770 II 
8.200 II 
88,733 II 
113,000 II 


S. L. fuel 
3,375 eshp 
S. L. fuel 
3.105 eshp 


IP-4 

543 Ib./hr./cshp. 
555 lb./hr./cshp. 
568 lb./hr./cshp. 
592 lb./hr./cshp. 


overhaul of one engine and propeller 
about 20 manhours will be saved. 

• Unusually large number of access 
doors (188) generally are equipped 
with quick-acting fasteners to speed 
line and periodic inspection, eliminate 
need for pulling one piece of equip- 
ment to gain access to another. Al- 
though wing leading edge is hinged, 
faster access at specific areas is pro- 
vided with doors averaging 6 x 8 in. 

• Complete interior consists of pre- 
trimmed panels which can be quickly- 
snapped into place on rubber shock 
mounts. Tin's facilitates complete 
change of interior color or trim scheme, 
allows quick individual panel replace- 
ment when damaged, permits indivi- 
dual panel removal for access to struc- 
ture for inspection. Panel scheme also 
allows access to electrical radiant heat- 
ing elements for cabin, which operate 
at low watt density for maximum cle- 
ment life. Cabin wall has protective 
film adjacent to fuselage skin, followed 
by lj-in.-thick Fiberglas blanket ad- 
jacent to an aluminum alloy core 
honeycomb panel which contains the 
heater elements. This is followed by a 
Fiberglas sheet covered with trim ma- 
terial for cabin interior. Radiant heat- 
ing panels in cabin floor scat area are 
heavier and stronger than those in walls 
to compensate for abuse factor. Elec- 
trical heating panels are also installed 
under cargo compartment flooring. 
Here, heating elements arc held to a 
single metal sheet by phenolic-impreg- 
nated glass cloth. 

• Relocation of anti-collision rotating 
beacon is another example of seemingly 
unimportant maintenance refinement, 
but move is expected to save consider- 
able manhours if bulb replacement is 
required. Normally this beacon is 
mounted on vertical tail, where it must 
be reached bv long ladder or frame. 
On Electra, beacons are on top and 
bottom of fuselage in area of rear serv- 
ice door, so that top bulb can be re- 
placed easily from inside cabin and 
bottom bulb from ground. 

• To minimize ground-support equip- 
ment, in turn minimizing ramp conges- 
tion, Elcctra's freon cooling system, hy- 
draulic system, folding stairway and 
and cabin heating system all use elec- 
trical power which ean be supplied 
from a single electrical ground power 
cart or ramp connection. Plane is de- 
signed to use existing servicing and 
ground maintenance equipment includ- 
ing wing and axle jacks (used for Con- 
stellations and DC-7s) and water and 
toilet servicing equipment. 

• Allison modified its 501-D13 propjet 
engine for improved maintainability in 
airline service, in accordance with 
Lockheed specifications. Major refine- 
ment is ability to remove turbine and 
burner can assemblies with engine in- 
stalled in the aircraft. In addition to 


facilitating maintenance or replace- 
ment, this will be a considerable aid 
during periodic inspection to determine 
if overhaul periods may be extended. 

• Engine nose reduction gear box also 
can be removed with engine installed. 

• Complete propjet power egg can be 
removed and installed in approximately 
two hours. Lift bar attaching to top 
of power egg is fitted with a Lock- 
hccd-dcsigned sling incorporating an 
mfimtclv variable center of gravity posi- 
tioner to eliminate ti c c ng 


handling adjustments. In addition to 
handling power egg, lift bar and sling 
also will fit bare engine. 

• Numerous propeller functions may- 
be checked directly from cockpit. This 
includes blade angle follow-up, feather- 
ing, reversing, negative torque system 
operation and leakage rate of propeller 
hydraulic system (with engine opera- 
tive or static). 

(This is the first of two articles on the 
Lockheed Electra. The second will ap- 
pear in next week’s issue.) 
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RUBBER press with 8,000 lb. pressure (left) is of Swedish design, manufacture. Cincinnati-built vertical copring mill is at right. 


CENTER section frames arc drilled in fixture at left. Integral tank is formed partly by r 



INTEGRAL tank section final assembly (left) shows skin plating being positioned, drilled. Landing gear bay components arc milled (right). 


fuselage frame in powcrplant section is assembled in jig at left. Wing leading edge is assembled 


Saab Producing J35 Draken 

By David A. Anderton 



INTEGRAL tank assembly is shown in jig. 


Linkoping, Sweden— Tooling for the 
Saab J35 Draken was a paramount de- 
sign consideration from the start, once 
it became known that the Swedish air 
force wanted the all-weather fighter 
plane in quantity. Before the proto- 
type flew, the company was authorized 
to start ordering long lead-time material 
for an initial production order. 

Production tool design started in 
March, 1956, and tool manufacturing 
began a few months later. Production 
order came through that August and 
in September the Tines began to move. 
Production Tooling 

About 25,000 tools will be used in 
J35 production, of which about one- 
fifth arc machine tools. 

There will be about 300 assembly jigs 
of the fixed type and about 3,500’ sub- 
assembly jigs of more or less mobile 

Saab’s jig borers, which had previ- 
ously been reserved mainly for the 


manufacture of tools, were increased in 
numbers for component fabrication. 
Detail production could start without 
waiting for all tools to be made; tools 
and fixtures could be eased into the 
program when finished rather than de- 
laying the whole program run while 
they were being made. 

Bonded honeycomb structure is used 
in the J35 wing panels. This is the 
company’s first full-scale production run 
with this structure and it has expanded 
what was an experimental bonding area 
into a production shop with presses and 
an autoclave. 

The structural frames in the rear 
fuselage are rugged members; they carry 
the engine and wing loads. Geometri- 
cally they have variable flange angles 
and cross-sections, a tough machining 

Saab tool engineers designed a spe- 
cial miller to make the rings, and the 
unit is now in full production. 

Practically all J35 structural compon- 
ents, and most of its machined parts, 
start life 100 ft. underground in an 


Sub-assemblies Underground 


enormous factory built to withstand 
the rigors of modern air attack. Merc in 
caverns blasted out of the solid rock 
Saab plant engineers supervised design 
and construction of an underground 
shop, complete to the last detail of a 
“weather clock" that tells workers the 
temperature, wind velocity and weather 
on the surface. 

Raw materials come in by truck down 
a long spiral ramp that curves into a 
receiving area for stock. Material is 
routed through the shop from there on, 
in routine fashion. An observer below 
the surface loses any feeling of strange- 
ness within a few minutes after arriving 
at the lower level. Air conditioning, 
sound suppression, excellent lighting 
and the well-planned shop layout give 
him no sensation of claustrophobia. 
Ceilings are normal height, and none 
of the rough rock covering is noticeable 
anywhere. 

Components go on to the surface 
factory where they will enter a modified 
production line now being slowly 
brought into shape. Like the Lanscn 


before it, the Draken was planned for 
production using a sealed model of the 
complete factory area, detailed down 
to the bench work on components. 
Pinal assembly floor flow will be in two 
parallel lines while major snb-assem- 
blics are fed in from their areas at right 
angles to the main line. 

First airplanes off the line will prob- 
ably not be to production standards as 
far as tooling goes. The J35 specifica- 
tions require that from the 21st airplane 
on. there shall be complete interchange- 
ability of parts. Saab tool engineers like 
to emphasize: “Interchangeability, not 
replaccability.” 

Tooling Differences 

“We have a basic difference from 
American techniques in our tooling," 
said chief tool engineer Roland John- 
son, “and it is because the Saab ap- 
proach is entirely with mathematical 
coordinates.” That means that the 
master template is made in the tool 
shop with the aid of a coordinatograph 
which plots the aircraft lines accord- 



MILLER machines rear fuselage frames. 
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By Every Measure . . . Ideal 
For Compact Thrust Applications 

Whether you gauge its value in compactness, high anti-friction efficiency, 
high thrust capacity, or low unit cost, you will find the new Torrington 
Needle Thrust Bearing measures up ideally to your needs. 

This needle-type bearing is designed specifically for thrust loads in 
restricted space. It may run directly on adjacent hardened and ground 
surfaces or on standard thrust races. Used alone, or in combination with 
Torrington radial type Needle Bearings, the Needle Thrust Bearing finds 
wide use in many applications including steering gears, hydraulic pumps, 
tractor bolsters, bevel and worm gear boxes, governors, outboard motors, 
2-cycle engines, washing machines, power tools, torque converters, and 
automatic transmissions. 

For engineering information and assistance in design, please call upon 
the services of Torrington's Engineering Department. The Torrington 
Company, Torrington, Conn.— and South Bend 21, Ind. 

TORRINGTON BEARINGS 

District Offices and Distributors in Principal Cities of United States and Canada 
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ing to mathematical tables of offsets. 
This master never leaves the tool shop, 
and is the only one made. 

"We use Masonite and densified 
wood forms a lot because of the tradi- 
tional high quality of Swedish wood- 
working," he added. “For jigs, we use 
a Meccano-set type— like the ones de- 
veloped by the Germans during the war 
and used later to some extent by Rc- 
public-vvith clamping fixtures and cut 
tubing. Your tool engineers prefer 
solid construction and say that these 
Meccano jigs settle and you only find 
it out later on inspection.” 

“We're a little more conservative on 
simplification of design— don't carry it 
as far as you do. And we're not using 
titanium because steel comes in too 
soon on high-performance airplanes 
anyway. It isn’t worth the bother to 
make two switches in material when 

“We have one major aim, and that 
is to reduce the number of people 
standing around hammering on metal.” 

Probably the biggest contributor to 
this goal is the Saab rubber-press proc- 
ess, which was developed to avoid hand 
work after forming and heat-treating. 
Most of the Saab components arc 
formed on the rubber press, in a two- 
operation technique. 

Press Technique 

First pressing is made in the soft 
annealed state with a die that is a little 
undersize. Sliding blocks are used to 
increase the moment of inertia in a 
compression flange to get a wrinkle- 
free first pressing. This first operation 
produces a piece in which the flange 
angles arc about correct and the bend 
line is deliberately moved to a pre- 
determined location. 

This step, like any conventional 
pressing of a double-flanged ring 
former, for example, puts the outer 
flange in compression and the inner 
flange in tension. 

After trimming of the flanges to “cor- 
rect" height and solution heat-treating, 
the part is placed in a female die and 
repressed. This step stretches the outer 
flange and compresses the inner one, 
so that the stresses caused in the first 
forming are counteracted by the equal 
and opposite stresses of the second 
pressing. 

'Hie part comes out of the press with 
no distortion; bulkheads will lie almost 
exactly flat on a surface plate. 

Another time-saver, says Johnson, is 
the British Wharton system of tool 
sets used to build up drilling and mill- 
ing fixtures. Saab bought five sets and 
now considers them as indispensable 
tooling aids. Each set includes 250 
standard elements from slotted bed 
plates to precision angles, all ground 
to an eight-mu finish. These tempo- 
rary jigs and tools arc built up without 


drawings, and after being used and be- 
fore disassembly, arc photographed and 
parts-listed for future reference. 

Saab is thinking in terms of numeri- 
cal control of some of its machines us- 
ing binary data. Under such a set-up 
it figures one man could handle three 
precision machines at the same time. 
But most machines don’t require the 
complexity of complete numerical con- 
trol and could be made automatic with 
a simple linear programmer. This is the 
line of current development work at 
Saab; one vertical miller now operates 
this wav. 

Other highlights of the Saab produc- 
tion tooling: 

• Mild steel routing in the tool room, 
using a British Wadkin highspeed wood- 
working machine with carbide cutters. 

• “Air cushions” are used to float the 
heavy backplates and other flat jig com- 
ponents so that thevean be easily moved 
for alignment before final fixing in 
place. Air is bled in at high pressure be- 
tween matching plates. 

• Jig tubing is used as an air reservoir 
for riveting guns and drills in the assem- 

• 'Yorkers’ hand tools are bought by 
the company, unlike the practice in the 
U.S. Tools are periodically inspected, 
repaired or replaced more frequently 
than by an individual owner. 

Johnson and other Saab tool engi- 
neers have had numerous contacts with 
their counterparts in the U.S. through 
visits and information exchanges. Most 
impressive to Saab engineers was the 
short time interval between airplane de- 
sign and the appearance of the first pro- 
duction aircraft in the U.S. 

Out of this exchange has come much 
technical help in both directions, said 
the Saab engineers. 

Compared to current airframe pro- 
duction in the U.S., Saab says its out- 



BONDED honeycomb wing panel is being 
used in production of the Saab J35. 


put per man-hour is about 22% higher 
than the best American figure known to 
the firm. One of the reasons may 
be the incentive wage system adopted 
by the company after agreement be- 
tween the union and management. The 
basic unit prices are established on 
learning curves. 

Ground Testing 

Functional system tests and strength 
checks are the major items done by 
Saab engineers in ground testing of their 
airplanes. On the J55, a complete con- 
trol system has been built with proto- 
typical lengths of boost system tubing, 
dynamically correct responses and other 
aerodynamic and physical parameters 
simulated. It is in effect a hydraulic 
system test rig, because it also incorpo- 
rates the complete landing gear with 
its retraction, extension and brake sys- 
tems as well as the clevons and rudder. 
This type of control simulator has been 
in use for more than five years, start- 
ing with the J 32 Lansen. 

Static strength tests arc made in the 
usual way, except that the applied loads 
are carried into the structure on fittings 
attached to the frame. This gives con- 
centrated point loads rather than area- 
distributed loads such as would be ob- 
tained with tension-patch techniques. 
Loads are applied with the hydraulic 
jack and vvhifflctree system, and strain 
gages are used for readout. 

Automatic typewriters and punch 
cards are used. The test is carried to 
destruction of the airframe. 

The J35 is a 12G ultimate load air- 
plane, and according to test engineers, 
still has substantial margins. 

Windshields are checked for strength 
against bird impacts by a cannon which 
shoots carcasses against the glass. 

One of the more ornate system rigs 
is a gigantic “Ferriswheel" device which 
mounts a production-type J35 fuel 
system. Fuel tanks on the J35 are placed 
fore and aft of the center of gravity in 
the wing root, and there was some con- 
cern on their effects on stability and 
controllability in pitch. With this 
wheel, the entire automatic fuel system 
can be operated and fuel can be trans- 
ferred for balance while the wheel is 
rotating or pitching. 

Test facilities also include a climate 
chamber big enough to take a complete 
forward fuselage— "but not big enough 
for everything we want to do," said one 
engineer— and capable of producing tem- 
peratures from — 94F to 212F. 'Hie 
chamber can be evacuated to a simu- 
lated altitude of about 1 1 5,000 ft. 

There is a small kinetic heating test 
rig and the usual kinds of vibration and 
structure test equipment seen in mod- 
ern plants. 

( This is the second of two articles on 
the Saab J35. The first appeared in 
last week's issue.) 
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MISSILE PARTS 
UP TO 72 INCHES IN 
DIAMETER MACHINED AT 
THE JET DIVISION 


Whether you are building aircraft-type 
missiles or ordnance-type, the facilities of 
the Jet Division can be an important part 
of your production line. 

More than 4500 modern machine tools, 
from giant horizontal and vertical lathes to 
tiny automatic screw machines, are available 
to handle production on any missile 
project. Our experience in metals includes 
alloy steel, stainless, aluminum, titanium, 
and all the metals now going into missiles. 

We are manned and tooled to handle 
every step of any project . . . 
design, engineering, machining, welding, 
heat-treatment, and testing. 

Only the Jet Division can give you such 
complete design, engineering, and production 
facilities, with the experienced men 
to handle the job to your satisfaction. 

One of our sales engineers will call 
whenever you set the time to describe our 
complete facilities in detail to 
meet your needs. 
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have no time to settle by diffusive sep- 
aration even up to heights of 150 mi. 

Composition of the atmosphere is 
not considered to present problems for 
the vehicles under consideration, except 
for ozone. On rare occasions, clouds 
or ice particles mas occur at altitudes 
of SO.OOO to 250.000 ft. that could 
cause damage by impact and erosion. 

Pressure is a natural condition, with 
its lowest static values at the highest 
altitudes. Static pressures, however, 
do not indicate the vehicle environ- 
ment because of the effects of vehicle 
velocity. Dynamic pressure is a func- 
tion of vehicle velocity and altitude. 

Variation of density or mean free 
pith of air molecules in the atmosphere 
presents three types of media through 
which the vehicle must move. Region 
where the molecules of air ahead of 
the vehicle arc affected before striking 
the vehicle is known as the continuum 
flow region. This is encountered in 
the altitude region below 300.000 ft. 
The other extreme occurs for altitudes 
above approximately 500.000 ft. where 
the air molecules ahead of the vehicle 
are not affected by the vehicle until 
they strike the skin of the vehicle di- 
rectly. This is a region where the mean 
free path of molecules is in the order 
of over 100 ft. 

Region in between these two ex- 
tremes where the mean free path of 
molecules is in the order of 0.1 to 100 
ft. is known as the slip flow region. 

Detrimental effects of a high vacuum 
on all of the four types of vehicles 
would be the same: 

• Leakage of fluid through seals. 

• Absence of air damping in vibration. 

• Reduction of heat-convection effects. 

• Corona discharge or arc-over. 

• Possibility of explosive decompression 
of pressurized vehicles. 

Solar Radiation 

Only about two-thirds of the energy 
radiated by the sun reach the surface 
of the earth; the remainder is reflected, 
scattered or absorbed in the atmos- 

E herc. Value of the energy absorbed 
v the earth's surface at noon on a 
summer day with the sun directly over- 
head is about 1,000 watts-square meter. 
At any other time of year or hour of 
dav, the energy received will be less 
in proportion to the cosine of the angle 
of the sun’s elevation. 

Solar radiation travels within an 
almost complete void until it encoun- 
ters the earth's atmosphere where some 
wavelengths arc selectively absorbed by 
the air's different constituents. There- 
fore, as solar radiation penetrates the 
atmosphere, its energy vs. wavelength 
distribution is continuously changing 
as more energy is absorbed. 

All wavelengths shorter than 2.S00 
angstroms are completely absorbed, and 
more than 50% of the ultraviolet be- 
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This is the task force developing the 

POLARIS 


-new Fleet Ballistic Missile for the U.S. Navy 



Fourteen months ago Lockheed was appointed 
missile system manager of the polaris. The 
objective: to develop a solid-propellant missile 
with a thermonuclear warhead, which could be 
launched underwater from nuclear submarines 
to hit targets 1 ,500 miles away. The technologi- 
cal problems involved were admittedly the 
most complex yet encountered in the history of 
ballistic missile development. 

Progress to date on the polaris has exceeded 


all expectations of the U.S. Navy. Lockheed 
is proud to be associated with its fellow task 
force members and the sub-contractors devel- 
oping the complete polaris weapon system. 
The brilliant contributions and splendid team- 
work of these more than 200 polaris sub- 
contractors, and their dedication to our mutual 
goal— greater security for our nation— speeds 
the progress of the polaris missile system, 
prime responsibility for which is Lockheed’s. 


LOCKHEED 


means leadership 


LOCKHEED MISSILE SYSTEMS DIVISION: Palo Alto, Sunnyvale and Van Nuys, California 
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tween 2,800 and 3,800 angstroms. 
Except for solar heating, only the ultra- 
violet part of the spectrum is impor- 
tant for other environments such as 
ozone, dissociated gases and ionized 
gases. 

In order for a photon of solar radia- 
tion to form ozone or to ionize a gas, 
it must have a certain minimum en- 
ergy. This energy is proportional to 
the frequency of the light or inversely 
proportional to the wavelength. Thus, 
in each reaction of the environment 
there is a maximum wavelength of light 
which will be effective. 

Longer wavelengths, no matter what 
their intensity, will not cause the reac- 
tion, although they will heat the re- 
actants and the higher temperature 
might cause an increase in the reaction 

A sustained flight vehicle or boost 
glide vehicle would be flying between 

100.000 and 300,000 ft. and would be 
exposed primarily to 2,000 to 3,000 
angstrom solar radiation and to some 
X-rays. A ballistic vehicle because of 
its short time of travel would not be 
damaged by solar radiation. 

A satellite, at greater than 1,000,000 
ft. altitude, would be subjected to all 
the sun’s radiation. Except for some iso- 
lated portions, there is a large part of 
the ultraviolet spectrum for which 
there is no practical knowledge con- 
cerning effects on materials other than 
metals, which will absorb them. 

Ozone Concentration 

As an environment, the important 
characteristics of ozone are its concen- 
tration, location and chemical reactiv- 
ity. Peak concentration of ozone in 
the atmosphere usually is through the 

65.000 to 80,000 ft. altitudes, where 
the maximum concentration is about 
1 1 parts per million of air. 

Maximum concentration does not 
change much with greater total values 
of ozone but instead the ozone layer 
becomes thicker and the same high 
concentration is likely to occur for a 
greater range of altitudes. 

Energy required for the formation 
of ozone in the atmosphere comes from 
ultraviolet radiation. Damaging effects 
of ozone are due almost entirely to its 
chemical reactivity; for example, with 
organic materials such as rubber under 
stress. Ozone reacts readily with un- 
saturated organic compounds, adding 
all three oxygen atoms at a double or 
triple bond. 

Resulting compounds are “ozon- 
idcs.” Decomposition of ozonides re- 
sults in rupture at the position of the 
double bond and, subsequently, in the 
formation of acids, aldehydes and key- 

Ozone is also harmful to humans. 
In sensitive persons, two parts per mil- 
lion will cause severe lung irritation in 


less than an hour. At eight parts per 
million, breathing capacity is cut 50% 
in one hour, and the lungs begin to 
fill with fluid. 

Both sustained flight vehicles and 
boost glide vehicles will be subjected to 
the effects of ozone, while ballistic 
vehicles and satellites will not. One 
possibility for manned vehicles is that 
ozone can be made to decompose en- 
tirely by subjecting it to high tempera- 
tures (above 100C) before the air con- 
taining it is brought into the vehicle. 
Dissociated Gases 

Between 280,000 and 330,000 ft. a 
transition occurs in the composition of 
the atmosphere with oxygen supposedly 
being 100% molecular (0.) at 280,000 
ft. and nearly 100% atomic (0) at 330.- 
000 ft. Heights and relative concentra- 
tions have been developed theoretically. 

Theory on the formation of atomic 
nitrogen is based on aurorae spectra. 
Atomic nitrogen is believed to be pro- 
duced at heights of 425,000 to 900,000 
ft., with the maximum rate of produc- 
tion at 525,000. 

Only vehicle that will be affected by 
these dissociated gases is the satellite. 
Metals which form an adherent oxide 
film may only form a thicker film and 
at a faster rate as would, for example, 
aluminum. Atomic oxygen will react 
with such metals as iron, copper and 
silver, and with many organic materials, 
especially those with double bonds. 
Atomic nitrogen does not. react easily 
with metals except under very high 
temperatures. 

Aurorae occur most frequently at 
geomagnetic latitudes of 70 deg., ordi- 
narily stretching from about 300,000 to 

600.000 ft. altitude. The lower edge 
can be sharply defined and its mode is 

350.000 ft. but it ranges from 250,000 
to 450,000 ft. 

All forms of aurorae such as quiet 
arcs, glows, coronas, rays and flames are 
of short duration, lasting from seconds 
up to half an hour. More than 100 
wavelengths of emission spectra of the 
aurorae are known, with different forms 
of the aurorae varying in intensities of 
certain spectral lines. 

It is commonly accepted that the pri- 
mary cause of both aurorae and mag- 
netic storms is corpuscular radiation 
emitted by the sun. These electrically 
charged corpuscles are diverted toward 
the geomagnetic poles by the earth's 
magnetic field. 

Only the satellite vehicle would be 
subjected to the dense part of the 
aurora: going through the usual auroral 
thickness of 300 mi. would require 
about 60 sec. A satellite passing over 
both poles would be in the dense auroral 
region for less than 5% of the time. 

Effect of passing through the aurorae 
would be that the satellite would be 
subjected to weak X-rays that would not 


penetrate metal skins of moderate 
thickness. 

Assumptions as to both height and 
density of ionized gas layers are based 
on radio signal reflections and instru- 
mented rockets. If a spectrum of radio 
signals from one to 1 0 megacycles is re- 
flected, the signals will be reflected at 
different times (corresponding to dif- 
ferent heights) which vary with the 
frequency where time increases di- 
rectly with frequency. 

There are numerous theories regard- 
ing the causes of ionized gas layers. 
Some of the possibilities have been 
formulated from information obtained 
from both the reflection and instru- 
mented rocket techniques. 

Electrons and ions making up these 
layers would have only thermal energies; 
their velocity would be too low to cause 
sputtering. Their primary effect would 
be electrical; interfering with or re- 
flecting radio signals being sent to 
or from the vehicle. 

Solid Particles 

Meteors and meteorites are only part 
of the solid particle environment. In 
addition, it is important to consider 
meteoric debris whose relative velocity 
in the atmosphere is zero. 

All of these particles are believed to 
be in orbit about the sun, although one 
view holds that the orbits are hyper- 
bolic rather than elliptical. Zodiacal 
dust, originating from micrometeorites, 
is considered to be distributed uni- 
formly throughout space in the earth’s 

Number of solid particles that would 
strike a vehicle, causing damage by pene- 
tration or erosion, is considered to be 
one of the major environmental ques- 

A meteor weighing one microgram 
will penetrate aluminum skins of satel- 
lite or space ships up to one millimeter 
thick. Smaller and less energetic micro- 
meteroites will not penetrate but instead 
gouge out small pieces of skin in a 
manner similar to sandblasting. 

In addition to the physical damage 
resulting from such collisions, their 
effect will also be to change the emis- 
sivity of the skin which will be impor- 
tant in maintaining temperature equi- 
librium in the vehicle. 

Effects on sustained flight or boost 
glide vehicles will be simple abrasive 
wear of the skin. Ballistic vehicles wall 
be exposed for such a short time that 
the effect is insignificant. 

Satellites will operate at altitudes 
where they will collide only with high 
velocity particles. There will be continu- 
ous abrasion due to sputtering but pres- 
ent knowledge is insufficient as to the 
numbers of particles heavy enough to 
penetrate the skin. 

Maximum value of the constant hori- 
zontal component of the earth's mag- 
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netic field is at the magnetic equator. 
It is 0.3 gauss. Ninety-four per cent of 
the field strength is considered to be 
caused by the earth’s internal structure. 

The source for the remaining 6% is 
assumed to be a group of three ring 
currents existing in the atmosphere 
aiound the earth. These ring currents 
arc supposed to consist of ionized 
molecules moving with a constant ve- 
locity of about 55 kt. at the height of 
the lower ionosphere. 

One Firm Value 

The only firm value of the environ- 
ment is the proportionality of the 
strength of the earth's magnetic field 
to the cube of the distance from the 
center of the earth. This value holds to 

300.000 ft. The supposed presence of 
rmg currents between 350,000 and 

500.000 ft. would cause a jump in the 
magnetic field value at these altitudes, 
so that the existence of a constant-value 
magnetic field at altitudes above 300,- 
000 ft. is unlikely. 


The only deleterious effect of the 
earth's magnetic field might be due to 
2.5 mev. protons arriving from the sun 
and being directed toward the geomag- 
netic poles by the magnetic field. Only 
the satellite vehicle would be subjected 
to this type of bombardment— not the 
other vehicle types. 

Protons with an energy of 2.5 mev. 
are absorbed by about four inches of air 
at normal temperature and pressure. 
Because the stopping power of alumi- 
num is only about 1.26 times that of 
air, these particles would penetrate 
satellites above 300,000 ft. 

(This is the second of two articles de- 
scribing hyper environments: those nat- 
ural and induced environmental condi- 
tions found at altitudes varying from 
the present operational ceiling of about 

75,000 It. to interplanetrv space. In- 
duced environments, those created by 
the operations of aircraft or missiles or 
by their interaction with the natural 
environments, were the subject of the 
first article.) 



► Fully Compensated Gyro- Lear will 
develop new vertical gyro for Navy 
Bureau of Aeronautics incorporating 
full acceleration compensation about 
both pitch and roll axes, using modifi- 
cation of technique emplovcd in Nor- 
den-Ketay turn-compensated gyro (AW 
Feb. 10. p. 89). To provide full turn 
compensation at all aircraft speeds, gyro 
motor will be powered from a variable 
frequency source whose frequency is 
varied as a direct function of indicated 
airspeed or ground speed, obtained 
from a Doppler auto-navigator. 

► Hoffman Powers Vanguard-Silicon 
solar cells used to power one of Van- 
guard's two radio transmitters were 
manufactured by Hoffman Electronics 
Corp. Vanguard's solar cells have effi- 
ciency of about 12%, company says. 
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For greater safety— 

BENDIX WEATHER RADAR 

on more executive aircraft 
than any other make 

If you want to know more about the 
many safety advantages of Bendix* 
Weather Radar guided flight, write 
for the brochure “Airborne Radar 
System”. Address: Aviation Electronic 
Products Department. „ 
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BUSINESS FLYING 


Republic Aims Alouette at Civil Market 

By Erwin J. Bulban 


New York— Foundation for a long- 
range program of rotary wing aircraft 
design, sales and service aimed primarily 
at serving commercial requirements is 
being built by Republic Aviation 
Corp.'s newly formed Helicopter Divi- 

"Wc are not forgetting the military, 
but this thing has to grow on the 
basis of cooperation with commercial 
helicopter operators.” Herbert Munsey, 
manager of the division emphasized to 

Policy, which has complete support 
of Republic top management, will be 
to steer clear of projects tailored pri- 
marily to military requirements; instead 
make proposals on the basis of off-the- 
shelf availability, with the military pay- 
ing for any extras that it requires. 
Management's feeling is that a large 
portion of the present high cost of com- 
mercial helicopters can be directly 
traced to high ov erhead required to sup- 
port military requirements in facilities, 
research and development and meeting 
contractual agreements. On-again, off- 
again contract-letting and cutbacks are 
also cited as cost builders. 
Management Team 

In setting up its new division. Re- 
public gathered a management nucleus 
having considerable rotary wing back- 
ground. Lineup includes: 

• General Manager Herbert Munscv, 
former assistant vice president of Bell 
Helicopter Corp. and with that com- 

• Sales Manager and assistant to the 
div ision manager Gerald R. Rouillard, 
former regional sales manager for Con- 
tinental Aviation's Turbine Division, 
which has manufacturing rights in 
U.S. for Turbomeca engines. 

• Director of Commercial Sales Frank 
H. Kelley, former executive vice presi- 
dent of Hawk Helicopters, Ft. Worth, 
and supervisor of commercial sales for 
Bell. 

• Director of Engineering William E. 
Cobev, formerly president of Transcen- 
dental Aircraft Corp. 

• Chief Pilot Tom Mason, former Pe- 
troleum Helicopters pilot. 

• Field Service Manager Joseph Girard, 
formerly with Vcrtol Aircraft Co. 

Initially, design and production of its 
own helicopters does not loom large in 
the division’s current planning— phi- 
losophy is to maintain low overhead, 
with primary emphasis on sales and 


service and then work up to production 
when demand is justified. 

Where will the products come from? 

Tipoff to the type of operation en- 
visaged by the division is its recent 
acquisition of sole distribution rights in 
North and Central America of French 
Sud Aviation Alouette 11 (Lark) tur- 
bine-powered five sea ter. Over a year 
ago. Republic Aviation set up the in- 
itial parameters for a sales and eventual 


production licensing agreement with 
Slid, then sponsored a nationwide 
1 3.400-mi. tour of two of the helicop- 
ters (AW May 6, 1937, p. 50). 

Favorable comment arising from 
these demonstrations led the company 
to renegotiate its agreement and settle 

Currently it is airfreighting dis- 
assembled Sud-built Alouettes to the 
United States, has brought in a dozen 
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AIRBORNE now offers you the advantages 
of modular design in rotary actuators, too 


A year ago Airborne introduced a 
new line of linear actuators based on 
the modular design concept. Be- 
cause of the excellent reception ac- 
corded it, we are now offering the 
advantages of modular design in 
Airborne rotary actuators as well. 

With modular design, you are no 
longer limited to a line of a few 
standard models whose design is rela- 
tively fixed. Instead you can now 
specify any one of several dozen dif- 
ferent actuator packages assembled 
from standardized, interchangeable 
Airborne components. In most cases, 
this will give you a rotary actuator 


that exactly meets your capacity and 
configuration requirements. As a re- 
sult, you have greater design freedom 
without becoming involved in the ex- 
pense and delay associated with 
specials. 

In addition, while redesigning un- 
der the modular system, we have re- 
duced the bulk and increased the 
capacity of many Airborne actuator 
components. You get more power in 
a smaller package, one that saves 
valuable weight and airframe space. 

Write today for further informa- 
tion on Airborne’s new modular- 
design actuators — rotary or linear. 


BASIC OPTIONS OF TYPICAL (BI2) MODULE 





UPPER and lower Alouette instrument 
panels swing out for access. 


thus far including two demonstrators. 
Under its agreement with Sud it will 
have 120 units available for distribution 
here in 1958. if needed. 

Considering the short time the divi- 
sion has been operating, its initial suc- 
cess appears to be impressive in addition 
to emphasizing management's planning 
to aim for the civil slice of the heli- 
copter sales “pie”— first half-dozen 
Alouettes are being delivered within 
the next few weeks, all to commercial 
operators. First machine has been 
handed over to a customer: Aetna Heli- 
copters, Inc.. Etna. Calif., specializing 
in U.S. Forest Service operations (AW 
Mar. 17. p. 21). 

Spares Service 

Parallel with sales effort is buildup of 
spares inventory to ensure that its cus- 
tomers will be able to keep their heli- 
copters operating with shortest possible 
lead time in spare parts. Program covers 
stocking 600-hr. requirement in spares 
for each helicopter that leaves Re- 
public's Farmingdale. N. Y., facility. 

The im prosed Turbomeca Artouste 
Il-BI, which delivers 400-hp. in the 
CAA-certificated version, an increase 
over previous 360-hp., is now a 250-hr. 
engine. Republic says that it will be a 
500-lrr. engine by the end of this year. 

Main all-metal rotor blades now are 
1.200 hr. items. In the 600-hr. category 
arc tail rotor shaft, main shaft drive, 
oblique shaft, main gear box and main 
gear ease. 

Company points out that during tour 
of its two demonstrators, ships experi- 
enced only 53.5 min. of maintenance 
per flight hour including all preflight, 
periodic inspection and corrective main- 
tenance during the total of 590 hr. 
flown. 

Ships can use kerosene, JP-1, JP-4 or 
80 octane fuel; company is currently 
investigating use of diescline. 

During the demonstrations in Denver 


Electronic 
engineers 
for preliminary 
analysis 

Engineers and Scientists with a 
strong background in either system 
development or analysis, interested 
in graduating to consideration of the 
overall system. These will be airborne 
systems in either high Mach aircraft 
or missiles. 

Experience in data gathering tech- 
niques using sensors available today 
and tomorrow. Reconnaissance sys- 
tems, radar systems, system synthe- 
sis, effects of various ECM on weapon 
survival. 

Analyzing the entire electronic sys- 
tem in the early preliminary config- 
uration state, your decisions will play 
an important part in the success of 
the weapon. 

Degree (several preferred) and sev- 
eral years directly related experience 
necessary. If you meet these qualifi- 
cations and believe you are seriously 
interested . . . 

Write or call collect : 

Engineering Personnel 
North American Aviation, Inc. 

4300 East Fifth Avenue 
Columbus, Ohio 

Phone: BElmont 1-1851, arrange- 
ments made to accept calls between 
8 a.m. and midnight. 

THE COLUMBUS DIVISION OF . 

NORTH AMERICAN AVIATION, INC. 
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IEN OF 


PROJECT F-101 


Growth and “opportunity” are usu- 
ally synonymous. We invite career- 
minded engineers to compare the 
growth of the McDonnell engineer- 
ing organization with any other firm. 
We will be happy to supply you 
with a copy of our “Annual Report” 
for this purpose. 


itself, has been a dominant influ- 
ence toward the success of this 
project. A native son, graduate of 
Missouri University, he joined the 
McDonnell organization in 1946. 


Range and reliability, two out- 
standing performance features of 
the F-101 Voodoo, were dramati- 
cally demonstrated during “Oper- 
ation Sun Run,” when three new 
transcontinental speed records 
were established. The world-wide 
acclaim of the Voodoo which fol- 
lowed was a fitting tribute to the 
many McDonnell teammates, en- 
gineers and others, who contrib- 
uted their skills in creating and 
developing this fine airplane. 




Engineers 

Positions of technical leadership 
available for: 

DESIGN ENGINEERS 

(Airplanes, Missiles, and Helicopters) 
For mechanical, structural, or electrical 
design assignments. 

ELECTRONICS ENGINEERS 

(Missiles) 

SYSTEMS ENGINEERS 

(Airplanes) 

STRENGTH ENGINEERS 

(Airplanes and Missiles) 

SR. FLIGHT TEST ENGINEERS 
WEAPONS SUPPORT ENGINEERS 
(Airplanes) 
INSTRUMENTATION 
RESEARCH ENGINEERS 
SR. RADIO ISOTOPES ENGINEER 
THERMODYNAMICS ENGINEER 
(Helicopters) 

SR. TEST ENGINEERS 
SR. AERODYNAMICISTS 
(Missiles) 

DYNAMICS ENGINEERS 

(Missiles) 

HYDRODYNAMICS ENGINEERS 

(Missiles) 

OPERATIONS ENGINEERS 

(Missiles) 

Supervisory positions exist in several of 
these areas. 

Engineers qualified in one or more of the 
above fields are invited to write in con- 

Raymond F. Kaletta, Dept. A 
Technical Placement Supervisor 
P. 0. Box 516, St. Louis 3, Mo. 


MACareers Are 

Successful Careers! 




Piper Research, Test Center 

New 10.000-sq.-ft. engineering building is first unit of Piper Aircraft Corp.’s 40-acre de- 
velopment center at Vcro Beach, Fla. Center will concentrate on new business and utility 
aircraft designs. Flight tests will also be handled here. Center will permit atmosphere free 
of day-to-day factory problems, which admittedly handicapped previous development pro- 
grams of Lock Hawn. Pa., manufacturer. Under direction of Fred E. Wcick, facility's initial 
program is development of a new low-cost agricultural airplane. Piper factory also will 


area, helicopter operated at 16,500 ft. 
pressure altitude (18,300-ft. density alti- 
tude) carrying a pilot, passenger, radio 
equipment, oxygen. One ship landed 
on 14,260-ft. Mt. Evans, Colo., carry- 
ing a passenger, while another Alouettc 
hovered above it carrying three people 
and camera equipment to record the 
event. Republic outlines a typical oil 
off-shore mission for the Alouette, carry- 
ing four people and pilot 75 mi. and 
return with 50-min. fuel reserve. 

Company is studying installation of 
a jump seat between the two front 
scats, which would provide six-place 
capacity on short missions. 

To maintain close relations with the 
French manufacturer. Republic main- 
tains a liaison representative in Sud 


Aviation plant, as Sud does at the U. S. 
manufacturer s facility. In addition the 
division is able to call on Republic 
International's Paris office. 

Availability of parts from France is 
very good, Munscy told Aviation 
Week, citing, as an example, how the 
division had telegraphed Sud Aviation 
for an oil pressure transmitter (a non- 
Sud-manufactured item) on a Friday 
and received the requested material on 
the following T uesday. 

Company is now working on a power- 
plant exchange program to ease over- 
haul problem and expects to have this 
ready in a few weeks. 

With sales program underway, next 
step being phased in includes gradual 
component manufacture here toward 



Monte-Copter Makes Tethered Flight 

Prototype pressure-jet Monte-Copter is shown during recent first tethered flight at Boeing 
Field, Seattle. Wash. (AW Mar. 10, p. 83). Helicopter now has two Continental engines 
delivering 140 air horsepower each, later version is planned for a single 200-air-lip. engine. 
Finished craft will also have wings to provide additional lift and unload rotors during high 
speed forward flight and will also incorporate a Fiberglas-reinforccd plastic fuselage to 
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DESIGNERS WELCOME 

THE NAPIER GAZELLE 


‘Any angle’ installation 
gives greater freedom 


Napier’s Gazelle offers a welcome break to ‘tied’ heli- 
copter designers. This rugged free-turbine engine can be 
mounted on simple supports in the helicopter structure 
UPRIGHT, HORIZONTALLY, OR IN ANY POSITION 
IN BETWEEN. 

This ‘any angle’ installation relieves the designer of 
many accepted limitations. It also gives him more 
opportunity to make proper use of fuselage space- 
valuable space which should, after all, be used for pay- 
load accommodation. 



HIGH PERFORMANCE 
-LOW WEIGHT 


ally designed for a power output of 1,260 s.h.p.. it is now well on 
the way to developing 2.000 s.h.p. for a weight of 900 lbs.— a ratio 
of 0.45 lb./s.h.p. By removing the need for clutches, cooling fans. 
' ‘ :., the free turbine arrangement knocks pounds off the weight 


30% RESERVE POWER 


the time for overhaul comes, economical speedy maintenance 
is assured by the Gazelle's essential simplicity and the ‘unit’ 
principle on which it is built. 


REPAIRS BY REPLACEMENT 

This principle means that Gazelle components and assem- 
blies are interchangeable— and easily accessible. Reduction 
gear, free turbine, compressor turbine and combustion system, 
compressor and accessories canall be replaced as self-contained, 
individually tested assemblies. The metering control unit can 
also be replaced as a rig-tested unit needing only minor 



The design of the Gazelle provides a range of ideal heli- 
copter powers. Among them are short-period emergency power 
outputs up to 30% above the normal maximum. Helicopters 
demand tough, reliable engines: the Gazelle is designed for 
strenuous duty and long service between overhauls. And when 
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D. NAPIER & SON LIMITED, LONDON, W.3 

ENGLISH ELECTRIC Aviation Group 
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goal of building the entire aircr 
the U.S. 

Among carlv-stagc components will 
be the Alouettc's skid-tvpc landing gear, 
instrumentation (some instruments in 
c-arlv deliveries arc French), and rotor 
blades. Company has been balking to 
possible suppliers of latter item, has yet 
to make a selection. 

Helicopter Division is organized so 
that it will be able to tap the parent 
company’s resources when needed, pay- 
ing for such services. As Munsey ex- 
plained it, if the division needs a tractor, 
it will be able to get one through Re- 
public; same goes For consultation with 
the corporation's engineers, use of its 
research facilities and even assignment 
of production or assembly line person- 

In this way, the division, operating 
under its own budget, will be able to 
make most economical use of available 
services, requiring a minimum of its 
own equipment and personnel— with 
buildup commensurate with increase in 
business. This utilization of temporarily 
idle personnel and equipment also 
benefits the parent corporation in reduc- 
ing cost of these overhead items. 

But this relationship does not make 
the division wholly dependent upon the 
parent corporation for services. For ex- 
ample, as it gets into manufacturing 
phases, it plans to allocate jobs on a bid 
basis, with the parent corporation being 
considered as a vendor which will have 
to supply quotations on sub-assemblies 
in competition with others. 

Product Improvement 

Helicopter Division also is planning 
a product improvement program on the 
Alouette, which will be based on keep- 
ing the craft suitable to operator’s re- 
quirements based on continued surveys 
and discussions with the industry. Di- 
vision is building a nucleus of engineers 
to work on this development program. 

Alouette apparently will not be a one- 
shot project at Farmingdalc; thinking 
is to handle a line of civil helicopters. 
Engineering staff will be primarily re- 
sponsible for working out design param- 
eters based on sales organization s con- 
tacts with the industry, then will work 
with an established manufacturer in 
adapting his product to one that Re- 
public can add to its line. Philosophy will 
be not simply to sell a foreign product 
here, but instead to market a foreign- 
designed product developed to needs in 
this hemisphere. 

High utility of the turbine-powered 
Alouette compared with comparable- 
size available equipment was cited as 
reason Aetna Helicopters decided on 
getting into this new equipment. Aetna 
Manager Robert E. Trimble noted that 
he will be able to carry twice the pay- 
load he now carries in one of the firm's 
three Bells (two 47Gs and one 47G-2) 



MARTIN-DENVER 

has openings for Project Engineers 
for Operational Programming Sec- 
tion of Operational Development 

aircraft or missile industry engaged 

experienced engineers with a mini- 
mum of 5 years aircraft or missile 

Planning Operational Character- 
istics for the Missile System. 

Write giving complete details of 
education, experience (including 
personal technical accomplish- 
ments) and salaries earned to: 

DAVID POTTER C-5 Dept. 

MARTIN-DENVER 

P. O. Box 179 Denver 1, Colo. 



MOST COMMUNICATIONS 
FOR YOUR MONEY 

90/360 CHANNEL TRANSMITTER 
(118—135.95 me) 

90/560 CHANNEL RECEIVER 

• 108-135.95 me. 50 kc spac- 
ing. SCS. DCS or cross- 
channel operation optional. 

• Permitscrystal-conlrolled tun- 
ing to VOR, ILS frequencies. 

• CAA TSO'd. Used by Capital 
Airlines. Chicago Helicopter 
Airways, and in hundreds of 
executive aircraft. 

Write for brochure 

narco 

National Aeronautical Corporation 

Fort Wnshinoton. Pennsylvania 
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New J & H Starter- Generators 


. . . power partners of small turbojets 


Now, a single, small machine performs two important 
functions — engine starting and power generation — in 
aircraft and helicopters driven by the newer, small 
turbojet and turboprop engines. The new units are 
also ideal for GPUs. Obvious advantages: reduce 
weight, conserve space, relieve congestion by using 
only one mounting pad in place of two. 

Jack & Heintz starter-generators have been devel- 
oped from the experience gained in producing more 
than 190,000 flight-proved d-c generators and starters. 
The new machines are available in a range up to and 
including 750-amps d-c and can be readily modified 


to meet individual requirements of engines up to 
4000-lb. thrust (or equivalent hp). The J&H starter- 
generators are especially designed to operate from a 
self-sufficient starting source, such as nickel-cadmium 
or silver-zinc batteries. 

Most important: J&H starter-generators do both 
jobs without compromise of either. Performance and 
reliability are built in. 

Write on your company letterhead for a free 
copy of our Starter-Generator Data Book. Address 
requests to: Jack & Heintz, Inc., 17635 Broadway, 
Cleveland 1, Ohio. 


& H 


EIIVTZ, Inc. 


at a much higher speed— 90 mph. com- 
pared to about 60 mph. 

Bulk of Aetna s operations in North- 
ern California and Oregon is working 
with the U.S. Forest Service on fire 
fighting, timber cruising, road surveys, 
getting men and equipment into primi- 
tive areas (where mechanized cquip- 

carrving administrative personnel. 

Trimble estimated that the operation 
puts in some 600 hr. annually on its 
Bells, operating at altitudes ranging 
from about 3.000 ft. to 7,000 ft. 

On fire fighting missions, Aetna's iob 
is primarily to get men and materiel 
into position for combating outbreaks— 
firm has carried over 100 men and their 

During serious blazes, utilization goes 
away up: company has flown 1 39 hr. in 
17 days, once Trimble put in 131 hr. 
in a single 24-hr. period on such mis- 

Helicopters at least double the utiliz- 
ation of Forest Service fire fighters: men 
would lose at least a day in walking out 
of some of the areas and the helicopters 
get them to the scene in 15 min. to 45 

An important point in this type of 
operation is keeping size of the vehicle 
to a minimum. Heavy brush areas pro- 
vide narrow choice of landing locations. 
Trimble noted that the Alouettc is 
smaller than the Bell 47; its rotor diam- 
eter measures 35 ft. compared with 
33 ft. 6 in. for the Alouettc. Sometimes 
a difference of just a couple of feet 
would dictate landing people another 
mile or two away from their selected 
drop, requiring a hike through heavy 
brush with a pack. 

Aetna estimates that for the Alouettc 
it will have to charge just a little more 
than double the rate for its Bells, which 
ss approximately SI 00 an hour, at the 
start until it develops cost experience, 
liven at this figure, the higher utiliza- 
tion of the new ship is expected to make 
it a profitable venture. 

PRIVATE LINES 


Luscombc Silvaire Special, in produc- 
tion at Ft. Collins, Colo., will sell for 
55,995 flyaway factory. Optional equip- 
ment offered includes: wing flaps, S465; 
wheel pants, S125: navigation lights. 
S32.50; landing lights, S59.50; jump 
seat, S37.50 and Narco Superhomer 
with omni, 5630. 

Requirement for flares as mandatory 
equipment for aircraft carrying passeng- 
ers for hire at night has been revised 
by Civil Aeronautics Administration in 
Amendment 43-S which makes this 
item optional. Requirement for their 
inclusion on long ovenvatcr flights still 
holds. 



OPPORTUNITIES FOR DESIGN ENGINEERS 

With over a quarter-billion backlog, more than 50% commercial, Rohr 
offers the skilled aircraft design engineer the industry's utmost in long- 
range security and quick advancement opportunity in the fields of conven- 
tional and jec power packages and other major military and commercial 
aircraft components. 

Forward resume to J. L.Hobel, Industrial Relations Manager, Rohr Aircraft 
Corporation, Chula Vista, California, Dept. 2 
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EMPLOYMENT OPPORTUNITIES 


ENGINEERS EBISil 

SENIOR 

ENGINEERS 

M ’ PROJECT ' DEsffiN PMENT 



M for 28 years intheind'Mry prompt exp^iono^ou^ 



• Preliminary Design 

• Power Plant Design 

^ ing field afford the "plus" advantage of family living in one 

WITH SELECTED APPLICANTS 

^ SALARIES COMMENSURATE WITH 

EXPERIENCE & ABILITY 

• Internal Flow Analysis 

• Stress Analysis 


^ chief ^ 

mechanical 
engineer 


All replies will be held in stria confidence. 

Class. Adr. II i,„ P. O. Hox ""x^Y. 36, X. Y. 

HAYES 

P. O. BOX 2287 


EMPLOYMENT OPPORTUNITIES 


ENGINEERS and SCIENTISTS 

GET SET 

FOR THE BIG PUSH 

IN MISSILES 



• AERODYNAMICS • COMMUNICATIONS 

• FIELD TEST • INSTRUMENTATION 

• TELEMETRY • DATA PROCESSING 

• AEROPHYSICS • THERMODYNAMICS 

• AEROBALLISTICS • INERTIAL GUIDANCE 

• MATERIALS & • GROUND SUPPORT 

PROCESSES EQUIPMENT DESIGN 

P lease send resume to Mr. John Watt, Dept. D- II 
MISSILE & ORDNANCE SYSTEMS DEPARTMENT 

GENERAL® ELECTRIC 

3198 CHESTNUT ST., PHILADELPHIA 4, PENNA. 





How your truth dollars 
help keep the Reds 
in the red 


• The truth dollars you give to 
Radio Free Europe help keep 

And the truth is an enormous- 11 
ly disruptive force to the Reds. For it keeps 
their captive people thinking . . . wondering 
. . . and less than completely dominated. 
The truth keeps needling the Reds. Breaks 
through their monopoly oflies. Keeps them 
unsure. Off balance. And thus the truth 
keeps up to forty fully armed Red divisions 
tied up policing Russia's satellite countries. 
Forty divisions, mind you, that might 
otherwise be put to more aggressive use 
elsewhere . . . and who knows where ? 

Your truth dollars keep the 29 super- 


powered transmitters of the Radio Free 
Europe network on the air . . . broadcasting 
the truth behind the Iron Curtain . . . 
every hour of every day. 

Why your truth dollars? 

Because Radio Free Europe is a private, 
non-profit organization supported by the 
voluntary contributions of American busi- 
ness and the American people. And your 

the air . . . to help operate its transmitters, 
pay for its equipment and supplies, and its 


ollars to Crusade for Freedom, 
local postmaster. 


FREEDOM IS NOT FREE! 

Your Dollars Are Needed To Keep Radio Free Europe On The Air 
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FOR SALE 

C-46F AIRCRAFT 



11 ; y 

T-Category Kit Installed 

THE FLYING TIGER LINE INC. 
Burbank, Calif. 

^ TRADE-AYER CO. 

/ ii " d - N - " 
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FOR SALE 

1 — P&W J57 P6B 
Jet Engine 




R18 30 R1820 

R985 R1340 R2000 

ENGINE WORKS 

Two C46As 

° n II 47 

—■SKA— 
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FOR SALE 
CW20T 

DUAL INSTS. FUEL FLOW. BMEP 

FOR SALE 

C47, C46A, C46F, 
Lockheed Lodestar 

AAXICO AIRLINES 
P.O. Box 875 Miami 48, Fla. 



C-47'S FOR SALE DC-3'S 

vsBasm 



SALE 



FOR SALE 


DC4B or E 
C46F or A 






LETTERS 


Eye 
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This is interpreted to mean that man can 

MTP^.tSSPAiS! 

The range of intensity for the eve is 
asserted to be 100 million in the article. 

tOBxansx. 

above the minimum audible signal. This 
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D-,T„ and La’" as D„T„; it shows that one 
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A. the atomic weight 2x41 + 3x51 = 235 

by^ne —°3 S +"5 3 = 91 ” 


Telemetry 

Your recent article in the Heb. 17 issue of 
Aviation Week (p. 27) is an excellent 

iililllEllF 

T7f.'7!7,7 7 r™,i7 .7. 


Suggesled Method 

Hwlogicnl ....... .F might bo CO- o, 

M I.I...1. ; \\V Nov. 25, p. 1261. They 

t 1 ...... so ns to suggest the sttucttlte of the 

jas.™s sirs 

Iron. The election fells out of the mbit nod 
f, tdnothed h, the prat™. This i, known 
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distributed in the nucleus. 
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Anti-Gravity 




When a skid is expected 



Motors Matched Power Team 
of Allison Prop-Jet Engines 
and Aeroproducts Turbo -Propellers 
Brings Flight-Proved Jet-Age Power 
to Airlines of the World 
in The New Lockheed Electra 



ELEVEN AIRLINES CHOOSE ALLISON PROP-JET POWER.The flexibility of Allison Prop-Jet power 
enables the Lockheed Electra to solve major problems facing the airline transportation industry— bring- 
ing jet-age speeds and comfort to medium- and short-range flights economically. These flights make up 
more than 90% of all air travel. The Electra, with its four Allison Prop-Jet engines and Aeroproducts 
Turbo-propellers developing a total of 15,000 horsepower, can operate from existing airports quietly and 
efficiently under present air traffic control patterns. Electra purchases totaling $300,000,000 have been 
placed by 1 1 world airlines— a demonstration of their confidence in the ability of this luxurious airliner to 
fulfill its mission for air travelers everywhere. 


ALLISON DIVISION OF GENERAL MOTORS, Indianapolis, Indiana 
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